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THE CANKER OF CUPRESSUS INDUCED BY 
CORYNEUM CARDINALE N. SP.! 


By Wi.tuis W. WaGENER 


Senior pathologist, Division of Forest Pathology, Bureau of Plant Industry, United 
States Department of Agriculture 


INTRODUCTION 


, In 1928 a preliminary announcement was made (43) ? of an appar- 
ently undescribed fungus disease which had been discovered at Palo 
Alto, Calif., the previous year * and had resulted in considerable dam- 
age to planted Monterey cypress (Cupressus macrocarpa Hartw.) and 
columnar Italian cypress (C. sempervirens L. var. stricta Ait.) in the 
district around San Francisco Bay. The fungus associated with the 
disease was determined as a species of Coryneum, and its pathogenicity 
for Monterey cypress was demonstrated by inoculation into healthy 
trees. In 1933 Birch (4) reported what he believed to be the same 
disease in New Zealand, where it attacked principally plantations of 
Cupressus macrocarpa. He demonstrated the pathogenicity of the 
associated fungus by inoculation. 

Since the first announcement the disease has assumed major epi- 
demic proportions in many districts through the western half of 
California and promises the virtual extermination of the chief host, 
the Monterey cypress, in most of this section. The present paper 
offers a more detailed account of the causal fungus and of investiga- 
tions on the disease. 





~~ ow 


THE DISEASE 
DESCRIPTION 


The causal fungus affects primarily the living bark and cambium 
of the host tree, with the production of a lesion that spreads by the 
progressive killing of these tissues until the attacked part is girdled. 
Common loci of infection are the thickened cortical tissues at crotches 
| or around the bases of lateral twigs or branches. Infection may also 
take place readily through wounds in the bark at any location. The 








infected bark tissue swells slightly, turns brownish, exudes resin in 


| Received for publication May 10, 1938. The subject matter of this paper was submitted to the faculty 
of the Graduate School of Yale University in partial fulfillment of the requirements for the degree of 
doctor of philosophy. 

2 Italic numbers in parentheses refer to Literature Cited, p. 44. 

3 Later in 1927 M. C. Goldsworthy, working independently at the University of California, isolated the 
same fungus from specimens of Cupressus macrocarpa sent in for diagnosis from Sacramento County, Calif, 
Goldsworthy, in unpublished experiments, cultured the fungus on various media and carried out a num- 
ber of inoculation tests. In still other independent work during the fall of 1927, Struble isolated and studied 
the fungus at Stanford University, as reported in the following paper: StrRuBLE, G. R. A sTUDY OF 
MONTEREY CYPRESS PESTS AT STANFORD UNIVERSITY AND VICINITY. [Unpublished manuscript. Stanford 
University, 1928.] 





Journal of Agricultural Research, Vol. 58, No. 1 
Washington, D. C. Jan. 1, 1939 


Key No. G-1117 
124370—39——-1 









ear 


} 
i 
‘ 
} 












2 Journal of Agricultural Research Vol. 58, No. 1 





droplets from the surface, and finally dies. As the lesion extends, 
the killed bark dries out, forming a canker roughly lenticular in out- 
line with a slightly depressed central area. The extension of the 
lesion is more rapid longitudinally than transversely; cankers show a 
ratio of length to width of approximately 3.5 to 1. 

Heavy resin flow from around the edges of the cankered area is 
characteristic of the disease on thrifty trees (fig. 1, A) and serves 





Fieure 1.—Branch cankers of Coryneum cardinale on Cupressus macrocarpa. 
X about %. <A, Canker about 1 year old on a young, thrifty tree; the flow of 
exuded resin, with adherent bits of dead foliage, is typical of cankers on 
branches of such trees. B, Canker from an older, more slowly growing tree; 
on trees of this character the excretion of resin from cankers is less abundant 
and the resin usually dries in place instead of flowing. 

as a useful indicator of the presence of infections. However, in 

Cupressus the production of resin may result from other causes so 

that care is necessary in diagnosis. On old or slow-growing trees the 

amount of resin flow accompanying the disease is very much less (fig. 

1, B) than on young, vigorous specimens and may be entirely lack- 

ing. It also appears to be less abundant in regions of low average 

humidity. The affected bark becomes infiltrated with resin, often to 

a very marked degree, imparting a purplish cast to cut surfaces. The 

infiltrated condition is ordinarily not uniform but occurs in more or 

less irregular layers or streaks, corresponding to the location of the 
large, cortical resin vesicles. 
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Under favorable moisture conditions fruiting bodies of the Coryneum 
are produced on the killed bark of cankers within 4 to 8 weeks after 
the death of the tissues. They appear as small scattered black 
pustules, widely open for the most part, on the bark surface. During 
dry weather with low average air humidity, such as prevails in Cali- 
fornia outside of the coastal fog belt from about May to October, 
fruiting bodies either cease to form or else remain minute or unopened. 
The formation of fructifications is also influenced by the age and 
character of the affected bark. In Cupressus, as observed by Moeller 
(32), the phellogen develops late and the corky abscission layers 
giving rise to it may not be formed for a numer of years. As long 
as the bark remains smooth, fruit-body formation on fe sions resulting 
from the disease is not hindered; but after the rough fibrous outer 
bark, characteristic of the mature state, has developed, the formation 
of acervuli is usually confined to the crevices, where the inner cortical 
tissues are thinly covered. 

The most conspicuous field symptoms of the disease are the fading 

and death of individual twigs, branches, or tops of affected trees (fig. 
2, A). Dying may occur at any season of the year, but it occurs 
most frequently in the spring at about the time when the period of 
rapid growth of the host normally begins and transpiration losses 
increase with the longer and warmer days. The parts of the tree 
that have become girdled by the activity of the parasite during the 
fall or winter are unable to supply these increased demands for moist- 
ure, and death ensues. The first detectable change in the appearance 
of affected branches is a yellowing or browning of the older foliage. 
This is followed by the fading of the remaining foliage, with a gradual 
change in color from grayish green to straw yellow, later to sorrel, 
and finally to a very deep reddish brown. The dead foliage, perhaps 
because of its scalelike character, is shed slowly, part of it usually 
persisting into the second year (fig. 2, B). 

Trees of any size or age may be attacked. Birch (4) states that in 
New Zealand the damage appears to be confined to plantations, 
unthrifty and overmature Cupressus macrocarpa being par ticularly 
susceptible and no age class immune. In California the disease has 
proved to be about equally severe on young and old trees of this 
species, and plantings of all types, whether hedge, windbreak, or 
specimen tree, are subject to attack. No greater degree of suscepti- 
bility has been observed among unthrifty and overmature specimens 
than among vigorous trees. ‘However, the thrifty specimens, be- 
cause of their ability to add new wood rapidly, are better able to 
offset the progress made by cankers and are, therefore, likely to be 
girdled less quickly even though the progress of the cankers them- 
selves may be as rapid as on trees of slow growth. Moreover, un- 
thrifty specimens are apt to be invaded sooner by insects, such as 
bark beetles, which hasten death. Thus, while the susceptibility of 
trees in poor condition appears to be no greater, they may be killed 
within a shorter period. 

On young, fast-growing trees with crowns extending to the ground, 
stem infections are the most common, especially when the disease is 
invading a planting. On older slower r-growing, or more crowded 
trees, branch cankers predominate ; and in large, mature specimens, 
infections are located almost entirely on branches or on the upper 











FigurE 2.—Cypress canker on Cupressus macrocarpa. A, Twelve-year-old 
forked tree with tops and many limbs killed; this was the sole survivor of a 
planting of 50 trees. B, Street tree in the last stages of the disease; on the tree 
in the foreground all foliage, except on a few branches, was dead. 
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part of the main leader, though cankers lower on the trunk sometimes 
occur. 

Stem cankers on young thrifty specimens of Monterey cypress may 
reach a length of several feet (60-90 cm) before the tree is girdled. 
They also characteristically extend out 3 to 6 inches on the basal 
portions of lateral branches emanating from within the cankered 
area. Because of the more favorable nature of the bark there, fruiting 
bodies of the Coryneum produced in connection with such stem 
cankers are usually to be found on these infected branch bases rather 
than on the cankered bark of the main stem. Through the rapid 
growth of unattacked portions, cankered stems often become flattened, 
ridged, or otherwise 
contorted and large 
cracks sometimes de- 
velop in the dead bark 
of the lesions from the 
growth of ridges of 
callus tissue where the 
fungus has become 
temporarily walled off. 
On the exterior of the 
cankered bark a sticky 
covering of resin and 
adhering small debris 
accumulate. In Cali- 
fornia the larvae of the 
cypress bark moth, 

Speyresia Cupressana 
(Kearf.), frequently 
mine the borders of 
cankers, stimulating 
additional resin flow 
and excreting a red- 
dish-brown resinous 
frass, much of which 
remains clinging to the 
bark. 

Stem cankers on 
older or more slowly 
growing trees produce 
less marked effects and Ficure 3.—Normal and diseased branches from old 
are, therefore, less con- trees of Cupressus macrocarpa. ‘The first and third 


cae “ branches from the left are normal; the second and 
spicuous as & rule. fourth are attacked by Coryneum cardinale. X \%. 
Both resin flow and 


distortion are less pronounced, and in some cases there is so little 
change in appearance from the normal that the presence of the disease 
is hardly recognizable. This is true also of cankers on large or old 
branches. An abnormal cracking of the infected bark, accompanied 
by moderate resin exudation, is not uncommon (fig. 3). Infections 
may be found on material of any size from the smallest twigs to the 
largest limbs but are most frequently found on branches 1 to 4 cm 
in diameter. Large branches become infected as a rule by spores 
from primary cankers established on the smaller limbs. 
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The progress of the disease, following primary establishment on a 
tree, is influenced by a number of factors, such as the size and age of 
the tree, its growth characteristics, the site quality, climatic conditions, 
the relative position of primary infections, and the general incidence 
of the disease in the neighborhood. As a rule the rate of multiplica- 
tion of infections on an individual tree is rather slow unless the tree is 
next to, or surrounded by, heavily diseased specimens. On large trees 
a gradual pyramiding in the number of infections usually takes place, 
with more and more branches dying each year until the entire tree 
finally succumbs. In the later stages infected trees become very 
unsightly (fig. 2). 

The length of time required to kill a tree is very variable. A stem 
canker well down on a young specimen 2 or 3 years old may bring 
about the death of the host within a year, while on a tree 5 years old 
a canker similarly located requires several years to cause death. For 
large trees the time required is ordinarily not less than 5 and ma 
extend to 10 or 12 years. In the later stages of the disease death 1s 
often hastened by the attacks of insects, particularly the cypress bark 
beetles (Phloeosinus cristatus Lec. and P. cupressi Hopk.). 


NATURAL HOSTS 


The principal hosts of the cypress canker in California, on the 
basis of amount of natural infection, remain the same as reported in 
1928 (43). Monterey cypress has shown by far the heaviest and most 
widespread damage. All extension of the disease into new territory 
has been on this species. Columnar Italian cypress is much less fre- 
quently attacked and always in districts where the disease has first 
become established on Cupressus macrocarpa. Isolated cases of 
natural infection have been found on pygmy cypress (C. pygmaea 
(Lemmon) Sarg.), Forbes cypress (C. forbesii Jeps.), Portuguese cy- 
press (C. lusitanica Mill.), Oriental arborvitae (Thuja orientalis L.), 
Lawson cypress (Chamaecyparis lawsoniana (Murr.) Parl.), incense 
cedar (Libocedrus decurrens Torr.), Reeves juniper (Juniperus chi- 
nensis L. var. femina Gord.), and one of the procumbent junipers, prob- 
ably the tamarix savin (Juniperus sabina L. var. tamariscifolia Ait.). 
Birch (4) states that in New Zealand the chief host is Monterey cy- 
press and that Lawson cypress is affected to a lesser extent. 

Susceptibility of other species on the basis of inoculation results is 
discussed in a later section. 


DISTRIBUTION 


The distribution of the cypress canker in California, based on field 
surveys by members of the Division of Forest Pathology and on in- 
formation from cooperators, is shown in figure 4. The present known 
northern limit for the disease is in northern Glenn County in the Sac- 
ramento Valley, and the most southerly location is in San Diego 
County at the extreme southern end of the State. Two main centers 
for the canker are evident on the map, one adjacent to San Francisco 
Bay and the other in the western part of southern California. 

In New Zealand, according to Birch (4), the disease is confined to 
North Island, where it is quite widely distributed. 

The increase in infected area in California over that reported in 
1928, when the canker was known to occur only around San Francisco 
Bay and in Sacramento County, has been due in part to spread of the 
disease during the intervening period and in part to more complete 
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information on locations for it. It is certain that the fungus was es- 
tablished in several districts in southern California prior to 1928 and 
was also more widely distributed in the northern part of the State 
than was recognized at the time. 

The occurrence of the disease has been influenced to a considerable 
degree by the location of Monterey cypress plantings. The approxi- 
mate outer limits of the section within which plantings occur are indi- 





| @B HEAVY OR GENERAL INFECTION 
@Z \GHT OR SCATTERED INFECTION 


AREAS FROM WHICH ALL KNOWN 
| CANKERS HAVE BEEN REMOVED; 
| FORMERLY LIGHTLY INFECTED 


@® ISOLATED INFECTION CENTERS 


; ~~— APPROXIMATE RANGE OF PLANT- 
ED CUPRESSUS MACROCARPA 


























Fiaure 4.—Known distribution of the cypress canker (Coryneum cardinale), in 


California in 1937, and approximate limits of plantings of Cupressus macrocarpa, 
the principal host. 


cated in figure 4, but within these limits there are many districts, such 
as portions of the Sacramento and San Joaquin Valleys, where only 
scattered specimens exist. The only section in the State where 
Monterey cypress is frequent and where the disease has not made 
marked inroads is along the narrow coastal shelf fronting on the 
Pacific Ocean. The comparative absence of the disease on the im- 
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mediate coast as compared with districts a few miles inland is par- 
ticularly marked on the peninsula below San Francisco. No case of 
the disease has yet been found in any of the native groves of cypress 


in the State. 
DAMAGE 


Estimates of the damage from the cypress canker in California are 
difficult to make, because killing is not of the quick, devastating type 
but of a slower and progressively cumulative nature complicated by 
other loss factors. On the basis of scattered counts, it is believed that 
about 30,000 trees, nearly all of them Cupressus macrocarpa, have 
been killed by the ‘disease or have been rendered so unsightly as to 
make their removal necessary. 

As an example, a count in an 8-year-old shelterbelt planting showed 
the following damage ‘ status: 


Condition of trees: Number 
I I NN sid insesinirenep nein iow iseninime yin egress 42 
Dead, cause no longer certain. _.........-.-.---------- siren weed 34 
Dees, Wee Seen GON. .. go 2 nn oo ke ince cu neu pra cancolh bhi 18 
Living, with branch cankers only_--_...........---------.-.-----.- 1 
rr oo <n ssn enim ds minim ws toi a S's ceo st aetna — 1 

I I NN a Sento tine enatekaenendememanweimn 96 


In another instance a hedge planting, established for about 12 years 
and made up of 430 trees, was completely wiped out within 8 years 
after the first infections appeared. 

The killing of Monterey cypresses has been so general in many 
infected districts in the State that further planting has been dis- 
couraged and nurseries that formerly sold large numbers of the species 
no longer stock it. This is true in a lesser degree of the columnar 
Italian cypress. In some districts of southern California where 
cypresses were much used as windbreaks around citrus groves, the 
wholesale losses of the trees from the canker have necessitated the 
substitution of other types of trees, such as eucalyptus. Losses in 
cypresses planted as ornamentals and shade trees have likewise been 
heavy. 

THE CAUSAL FUNGUS 


DESCRIPTION 


Further examination has supported the early indications that the 
fungus inducing the disease is an undescribed species, for which the 
name Coryneum cardinale is proposed. 


Coryneum cardinale sp. nov. 

Acervulis conspersis, subepidermalibus, nonnunquam in parte infossis, primo 
clausis, dein erumpentibus, sese pandibus, epidermide lacerata cinctis, irregu- 
lariter circularibus, oblongis vel lenticularibus, 0.3-1.5 mm diam., atris, marginibus 
sporiferis, post apertionem frequenter persistantibus, saepe reflexis; stromate 
frequenter vel loculato vel semiloculato, usque 300.4 crasso, infra loculas 10u—50, 
crasso, subhyalino vel dilute olivaceo; conidiis oblongo-fusoideis, 5-septatis, 
2lu-26u (18u-33.5u) X 8u-10.5u (7.5u-12u), loculis 4-mediis aequaliter olivaceo- 
brunneis, 16.5u-18.5u4 (14y-20,u), ad septa non vel vix constrictis, loculis extimis 
muticate breviconicis vel interdum longo-conicis, hyalinis; conidiophoris simplici- 
bus vel ramosis, non vel 1l-septatis, hyalinis, 15u—55uX1.4u-2.2u; pseudopara- 
physibus filiformis, 40u—60y X 1.0u—1.5y, sinuolosis. 

Hab. in cortice morbosa ramorum et truncorum Cupressacearum: California; 
New Zealand. 


4 Since the tally was made all remaining trees then living have died. 
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Acervuli scattered, subepidermal, sometimes partially immersed, originating 
from a single primordium or confluent from several, at first closed, later erumpent 
and opening widely, surrounded by the torn epidermis, irregularly circular, oblong 
or lenticular in outline, 0.3-1.5 mm diameter, black, the margins sporogenous and 
frequently persistent after opening, often reflexed; the stromatic layer often 
loculate or semiloculate, up to 300u thick, 10u4-50u under locules, subhyaline to 
light olivaceous; conidia oblong-fusoid, 5-septate, 21p—-26u (18y-33.54) X 8u-10.5y 
(7.5u-12y), the four median cells concolorous, olive brown, 16.5u—-18.5y (14yu—20y), 
not or slightly constricted at the septa, end cells muticately short-conic to occasion- 
ally long-conic, hyaline; conidiophores simple or branched, nonseptate or with one 
septum, hyaline, 154-554 1.4yu-2.24; pseudoparaphyses filiform, somewhat 
sinuous, 40u—604X 1.0u—-1.5p. 

On bark of branches and stems of Cupressaceae, occurring on cortical lesions: 
California; New Zealand. 

SPECIMENS EXAMINED 


he following specimens in the herbarium of the Division of Forest 
Pathology at San Francisco, Calif., were examined: 

California.—On Cupressus macrocarpa: 83082 (type), Atherton, March 1934, 
W. W. Wagener; 83030, Van Nuys, D. G. Milbrath and G. R. Gorton; 83059, 
San Bernardino, W. W. Wagener and E. Wright; 83072, Watsonville, W. W. 
Wagener; 83087, Healdsburg, E. Wright. On Cupressus sempervirens stricta: 
83021, Palo Alto, J. M. Miller; 83054, Stanford University, W. W. Wagener. On 
Cupressus pygmaea: 83066, Stanford University, J. 1. MeMurphy and L. 8S. Gill. 
On Cupressus lusitanica: 83027, Hayward, F. March. On Cupressus forbesii: 
83093, Lower Santa Ana Canyon, Orange County, W. W. Wagener and C. B. 
Wolf. On Thuja orientalis hort. var.: 83076, "ay Mateo, W. W. Wagener. On 
Libocedrus decurrens: 83051, Berkeley, E. Wright. On Juniperus chinensis 
femina: 83098, Berkeley, A. W. Dimock. 

New Zealand.—On C. macrocarpa: 83079, Manawatu, T. C. Birch. 

Portions of the type collection are being deposited in the herbaria of 
the United States Department of Agriculture in Washington, D. C., 
the New York Botanical Garden, the Farlow Herbarium of Harvard 
University, and the Royal Botanic Gardens, Kew, England. No 
perfect stage of the fungus has been located. 


COMPARISON WITH OTHER SPECIES 


On the basis of descriptions the fungus appears somewhat similar 
to Coryneum juniperi All. described from Bavaria (1), except for the 
very long conidiophores, 50, to 60u and over, that characterize the 
latter species. The spores of C. juniper are also somewhat more 
slender in proportion to their length than those of C. cardinale. 

C. calosporum Naumov (83), collected on the bark of Picea excelsa 
Link in Russia, differs in the color of the stroma, which is ochraceous 
rather than light olivaceous as in C. cardinale, and in the larger conidia. 
A species on spruce from Newfoundland, C. abietinum EIl. and Ev. (14), 
is evidently quite variable, judging by. the specimens that have been 
seen and also by Ellis and Everhart’s comments (16) in connection 
with their redescription of the species in 1898. In general the spores 
of this species appear to average longer than those of C. cardinale, 
and the conidiophores are somewhat longer. Moreover, neither for 
C. abietinum nor for the other species mentioned bas parasitism been 
indicated nor do the specimens of C. abietinum distributed in exsiccati 
by Ellis and Everhart suggest it, whereas C. cardinale in nature is 
almost invariably parasitic on the basis of evidence to date. 

In addition to C. cardinale, another Coryneum with spores very 
similar to those of the parasite is common on Cupressaceae in the 
coastal region of California and perhaps elsewhere on the Pacific coast. 
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In contrast to the canker fungus, it is ordinarily a saprophyte though 
occasionally giving evidence of very weak parasitism. It develops 
under conditions very similar to those favorable for Pestalotia funerea 
and resembles the latter in many ways (fig. 5, F', C) though lacking 
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‘1auRE 5.—A-E, Sections of fruit bodies of Coryneum cardinale, illustrating 
stages of development and variations in form: A, Incipient stage; B, primary 
formation of conidia in closed cavities; C, D, E, forms of the later open stage; 
F, G, sections of fruit bodies of saprophytic Coryneum sp. on Cupressus. 
< about 50. 


the setulose spores characteristic of all species of Pestalotia. During 
the first 2 or 3 years after the discovery of the cypress canker organism 
the presence of this additional species was not generally realized and 
a certain degree of confusion in diagnosis resulted, as well as some 
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misconception regarding the biology and distribution of the parasite, 
though basically the two fungi are different in many particulars, as 
is evident in the comparison in table 1. Even the conidia usually 
show slight differences when closely compared, though these differences 
are not constant and cannot be fully relied on for separation of the 
two species. The end cells in the saprophyte are usually projected 
in a short papillate tip, while those of the parasite are blunt at the 
tip or at least not characteristically papillate (fig. 6, A, B). 
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FicurE 6.—Comparison of Coryneum cardinale and a saprophytic Corynewm 
from Cupressus macrocarpa: A, Conidia of C. cardinale; B, conidia of Coryneum 
sp. (saprophyte); C, germinating conidia of C. cardinale. 


The characteristics of the saprophyte as given in table 1 are based 
on the typical form on Cupressus macrocarpa, which appears to be 
reasonably uniform. Other forms have been collected on this host, 
however, as well as on other species of Cupressaceae on the Pacific 
coast. Without further study no safe judgment can be rendered as 
to whether all, including the saprophyte on C. macrocarpa, fall within 
a single variable species or whether more than one species is repre- 
sented. It is possible that Coryneum abietinum can be demonstrated 
to embody sufficient variation to permit the inclusion under it of the 
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Pacific coast forms, or at least the Coryneum on Cupressus macrocarpa. 
At present the assignment of the latter fungus to existing species or 
its description as new would be open to question. 


Comparison of Coryneum cardinale and a saprophytic Coryneum from 
Cupressus macrocarpa 

















Part or attribute 


a, 


Stromatic layer 


Conidia..._. 





Pseudoparaphys 
Ps athogenteity . 


| Characters 





Coryneum cardinale 








0.3-1.5 mm 

Irregular in size and outline (fig. 7)._-- 

is resembling acervulus of Pestalotia 
funerea. 


Often pluriloculate, compound -- 


after opening, sporogenous. 


SO ESE 


Not readily detaching from conidio- 
phores. 
ts 5u-55p, average 30u 

Width 1.4p- 2. ws 
40p-60u X 1.0u-1. 
Marked; rare as Saprophiy te 








Ficure 7.—Fruit bodies of Coryneum cardinale on Cupressus macrocarpa. 


Up to 300y thick, 10u-50u under locule__ 
Subhyaline to light olivaceous_-_....._. 


} ole NE Ie CP cernnnncnndowsadatedinn 


|] Median cells olive brown, 16.5u- ~18.5p_- 
--| Terminal cells without papillate tips 








Coryneum sp. (saprophytic) 


0.38-0.48 mm. 

Quite regular in size and outline. 

Resembling acervulus of Pestalotia 
Junerea. 

Up to 50u thick, 15u-20u under locule. 

Brownish. 

Always uniloculate, simple. 


Margins of upper layer quite persistent | Margins of upper layer only partly per- 


sistent and sporogenous after open- 


ing. 

24y-33u X 8.0p-11.5p. 

5-septate. 

Median cells olive brown, 18u-24y. 


.| 1 or both terminal cells usually with 


papillate tip 1.5 w-2y long. 
Readily detaching from conidiosphores. 


15u-35u, average 25u. 
Width 2.3u-2.5 pu. 

45-75 X 1.0p-1.5py. 

Weak; usually saprophyte. 
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TAXONOMIC POSITION 


The genus Coryneum, as Diedicke (13) has pointed out, is made up 
in part of species with small spores produced in a true melanconioid 
layer on a thin stromatic base and in part of larger spored species 
with a thick, somewhat sclerotial, cushionlike basal stroma as ex- 
emplified by the type species, C. umbonatum Nees. C. cardinale is of 
the character of the latter group in that the layer of stromatic tissue 
tends to be thick and may become irregularly loculate with inter- 
vening septa extending up for as much as 300y above the base of 
the stroma. In some cases, however, a simple, moderately thin 
structure is developed, approaching the type characteristic of the first 
group mentioned by Diedicke but differing in the manner of develop- 
ment of the sporogenous layer. 

Typically the primordium of Coryneum cardinale appears as a small, 
subepidermal stromatic pad of tissue and, as it enlarges and thickens, 
a flattened cavity either central in position or closer to the epidermal 
surface of the stroma is formed within, apparently by a process of 
resorption of the original hyphal mass. The entire inner periphery 
of the cavity becomes sporogenous and gives rise to conidiophores 
and pseudoparaphyses. The first spores are matured within this 
closed structure (fig. 5, B). With continued enlargement the upper 
layer of the fruiting body ruptures, along with the overlying host epi- 
dermis. In time the cavity, with its lining of conidiophores, becomes 
widely opened; but the torn upper portion of the stromatic layer 
does not regularly disappear as in Pestalotia, and its margins frequently 
assume a position reflexed over the edges of the ruptured host epider- 
mis (fig. 5, C). Moreover, the sporogenous portion of the layer, 
which was originally developed within the cavity of the closed fructi- 
fication, does not cease to function but continues spore production 
after the fruiting body opens. 

Several cavities or locules may form in the same stromatic layer, 
producing a compound structure opening through a single break in 
the epidermis (fig. 5, #). The cavities may open outward individ- 
ually or one may open into another. In some instances a stromatic 
layer has been observed to originate from several adjoining primordia 
with subsequent fusion. Whether this is always the case with fructi- 
fications that develop plural cavities has not been determined. Like- 
wise, the study of fruit-body development was not sufficiently com- 
plete to provide a definite answer to the question whether a stromatic 
layer arising from a single primordium may develop a compound 
structure. 

The Melanconiales, according to the accepted interpretation of the 
order based on Saccardo’s scheme of classification, are characterized by a 
stromoid fungous stratum, either immersed or erumpent, upon which 
the conidiophores are borne. In the examination of hundreds of fruit 
bodies of Coryneum cardinale over a period of years, only a single 
instance of a structure corresponding definitely to this type has been 
seen. In all other cases the primary conidiophores and conidia were 
quite evidently developed within a closed fructification, indicating 
that the latter is characteristic for the species. 

Leininger (27), Kempton (26), and Archer (2, 3) have called atten- 
tion to the development of fruiting structures that are at first closed 
in several species of Pestalotia and Asterosporium, normally classed 
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under the Melanconiales. Archer considered that these closed 
structures were true pycnidia, while others (20, p. 586) prefer to regard 
them as pseudopyenidia. The intermediate character of some of 
these fungi has been generally recognized (21), but reallocations so 
far proposed to provide a more natural disposition of such forms have 
not met with general acceptance. 

With respect to Coryneum cardinale it would appear that, while its 
fructifications do not possess the definite form and wall structure of 
Hendersonia, the comparable genus in the Sphaeropsidales, they are 
referable to the Melanconiales only by a very broad interpretation 
of the characters upon which this order is based, a status rather 
unsatisfactory from the standpoint of those who must deal with such 
forms in the applied field. 


CULTURAL CHARACTERISTICS 


Coryneum cardinale grows well on most of the culture media com- 
monly used. On malt and potato-dextrose agars it produces even 
colonies with a soft floccose surface (fig. 8, A). Cultures grown in 





igure 8.—A, Fifteen-day-old colony of Coryneum cardinale on potato-dextrose 
agar; B, 15-day-old cultures of Coryneum cardinale (larger) and saprophytic 
Coryneum (smaller) from Cupressus, on same agar plate, illustrating compara- 
tive growth and apparent compatibility. >< about \. 


diffuse light at ordinary room temperatures shade in surface color 
from dull white at the margins through a light andover green * to deep 
andover green or grayish olive at the center. The color on the under 
surface usually approaches a capucine buff, sometimes shading to 
xanthine orange or argus brown in the central portion. Temperature, 
light, and nutrition all affect the coloration. Cultures grown at the 
higher temperatures are lighter on the surface and a more pronounced 
xanthine orange below than those held at low temperature ranges, 
and cultures held in darkness are much paler than those exposed to 
daylight. 

In tests on plain Czapek’s agar growth was slow and somewhat 
scanty, but with the addition of asparagin to the formula a very 


§ Color designations for the most part follow Ridgway (35). 
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thick, abundant growth was secured. Additions of 0.5, 1.0, 2.0, 
and 4.0 g, respectively, of asparagin per liter gave approximately 
equal growth reactions, indicating that the larger quantities were in 
excess. Coloration on this medium was strongly intensified, be- 
coming dark green or black in portions of the colonies. On sterilized 
twigs of O upressus macrocarpa growth of the fungus, as judged by 
surface mycelium, was thin and for the most part superficial. Cultures 
maintained on potato-dextrose agar for long periods, with renewals 
by transfer of vegetative hyphae, often became thin and appressed 
in growth and ceased to be fertile. Inoculation with cultures of this 
type indicated an accompanying loss of pathogenicity as compared 
with results secured with recent isolates or results previously ob- 
tained with the original isolates. 

Isolations from different sources exhibit considerable variation 
in appearance, habit, and rate of growth of colonies, but not suffi- 
cient to suggest that more than one species is represented. The 
existence in nature of intergrading strains is indicated, however; this 
indication is supported by field observation of the disease. 

Microscopically the mycelium of cultures on malt or potato- 
dextrose agar shows considerable variation. The younger aerial 
hyphae are rather straight, only occasionally septate or branched, 
and hyaline to subhyaline. They average 1.0u to 1.8 in diameter. 
A few of the older hyphae are, on the other hand, almost olivaceous 
in color, very irregular in size and shape of component cells, many- 
septate, much- branched, and up to 8u in diameter. Between these 
two extremes all intergradations are found. The submerged hyphae 
exhibit the same variation to a lesser degree and without the pro- 
nounced cell irregularity and septation of the older portions that are 
characteristic of the aerial mycelium. 

The saprophytic Coryneum occurring on Cupressus in California is 
easily distinguished from C. cardinale in culture by its slower growth, 
the less flocculent surface of the colonies, and the general white color. 
The two fungi do not ordinarily appear together in nature but exhibit 
no particular incompatibility in culture (fig. 8, B). 


TEMPERATURE RELATIONS 
GrowtH AT CONTROLLED TEMPERATURES 


The criterion chiefly employed by workers on pathological problems 
for gaging the relation of temperature to fungus growth has been the 
increase in diameter of colonies of the organism on agar in plate cul- 
tures held at approximately constant temperatures. Fawcett (17), 
who has studied the temperature relations of fungi perhaps more 
critically than any other investigator, concluded that this furnished 
as satisfactory a measure of physiological activity as might be found, 
since it offered fewer practical difficulties than other methods and 
autocatalysis was largely avoided (18). The validity of the method 
is attested by the substantial agreement obtained by such workers as 
Tisdale (40) for Fusarium lini, Fawcett and Barger (19 for) Penicillium 
digitatum, Lindgren (28) for two wood- destroying fungi, and Matsumoto 
and coworkers (30) for Hypochnus sasakii, between temperature 
optima as determined by colony growth on agar and physiologic 
activity of the respective organisms as judged by intensity of effects 
on hosts or natural substrata. 
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Tests on growth of Coryneum cardinale were made on 15-percent 
Difco brand malt and potato-dextrose agars poured as nearly as 
possible to even depths in 90-mm Petri dishes. The inoculum con- 
sisted of cultures from single-spore isolations from two collections of 
the fungus on Cupressus macrocarpa and one each on Cupressus 
sempervirens stricta and Libocedrus decurrens. To these was added 
for comparison an isolation from the saprophytic species of Coryneum 
collected on Cupressus macrocarpa. Disks approximating 2 mm in 
diameter were cut from the edges of 7-day-old colonies of these fungi 
by means of a sharpened loop similar to that described by Keitt 
(25) and were transferred to the centers of the test plates by means 
of a sterile needle. 

The tests were run in two series, duplicate except that in the second 
series only potato-dextrose agar was used as the substratum, since 
slightly better growth was obtained on this medium ‘than on malt agar. 
The inoculated plates were placed i in constant-temperature chambers 
held at levels ranging from 6° to 35° C. and were incubated for 10 days. 
Diameter readings were taken at 48-hour intervals. The 6° chamber 
was less constant than the others and fluctuated between 5° and 7° 
In the first series the 30° incubator rose to 34° for a few hours during 
the first 2-day period, but the results of the second series indicated that 
no appreciable error had been introduced by the temporary rise. 
In order to determine whether evaporation from the test plates might 
have affected growth in the 30° and 35° incubators, a third series of 
plates ringed with wide rubber bands, as employed by Hubert and 
Harris (23) to prevent more than a minimal loss of moisture, was run 
in the 30° incubator. The results confirmed the adequacy of humidity 
control at this temperature in the preceding tests. 

Diameters of the colonies were measured in two directions under a 
large magnifying lens, and the readings were averaged. Measure- 
ments were made both to the limits of the portion of each colony form- 
ing a closed mat of hyphae and to the outer filamentous limits. The 
diameter to the limits of the solid mat, while somewhat harder to 
obtain accurately, is thought to provide a basis for comparison more 
nearly parallel to that offered by dry weights of colonies. For Cory- 
neum cardinale the differences between measurements to solid and 
filamentous margins are particularly noticeable at the lower tempera- 
ture levels (fig. 9, A). Measurements for the saprophytic species of 
Coryneum were less complete than for the pathogen, but a complete 
series for 10 days’ growth was secured. Because of the slow initial 
growth response at 6° C., readings at this temperature were taken at 
4-day instead of 2-day intervals for the first 8 days. At the lower 
temperature levels the two fungi exhibit the trend already noted for 
other fungi by Fawcett (17), Lindgren (28), and others, characterized 
by a slow initial response but an accelerating growth rate later. 

Comparative growth of the two species on potato-dextrose agar at 
the various temperatures is shown graphically in figure 9. Growth of 
the parasite on malt agar closely paralleled that on potato dextrose and 
has therefore been omitted from the figure. In a later supplemental 
test of 10 plate cultures of this organism held at 33° C., a net average 
growth of 3.16 mm was obtained for a 10-day period. Growth at this 
temperature level may thus be expected to fall along a curve position 
considerably below that of the straight line employed in the graph 
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(fig. 9, A). For the temperatures included in the tests, maximum 
growth of Coryneum cardinale was obtained at 26° and none at 35°, 
indicating an optimum and maximum for the growth of this fungus 
somewhat below the 25.2° to 27.9° and 35.3° to 35.8° averages for fungi 
computed by Togashi (41). A very much lower temperature range 
for growth is shown by the saprophytic species, with an optimum at 
about 18°. This low range may well account for the relative absence 
of the fungus in the warmer inland portions of California as compared 
with its frequence in the cool belt close to the coast. 

A marked contraction of colonies, with disappearance of the fila- 
mentous margin, occurred in most of the cultures held at 30°C. After 
several weeks contraction ceased and was followed by a smooth type 
of growth. However, when subcultures from these smooth portions 
of the colonies were made on fresh media and placed at the same tem- 
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Figure 9.—Comparative growth of two species of Coryneum from Cupressus at 
controlled temperatures on potato-dextrose agar: A, Coryneum cardinale 
(basis for each point on graphs, average of 12 colonies); B, coryneum sp. (sapro- 
phyte) (basis, average of 4 colonies). 


perature, they likewise went through a period of contraction only 
slightly less marked than that of new cultures not before incubated at 
that temperature. Colonies of Coryneum cardinale on Czapek’s agar 
with asparagin showed even more pronounced contraction at 30° than 
on malt or potato-dextrose media, often resulting in the complete or 
partial rupture of the colony from the surrounding agar. The extreme 
contractive capacity on this medium appears to be associated with the 
wiry type of mycelium produced on it. 

Sectoring and degenerative changes were noted in some of the cul- 
tures on malt and potato-dextrose agars after long incubation at 
30° C. Cultures in which no growth occurred at 35° resumed activity 
on being placed at room temperature. 


GERMINATION TEMPERATURES 


The optimum temperature for germination of conidia of the para- 
site has not been determined under controlled conditions, but from 
scattered tests at regulated temperatures, supplemented by ‘laboratory 
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experience in routine germination at rather even room temperatures, it 
is believed to be about 25° C. At this es xr: germination may 
be initiated in a little more than 3 hours. At 21.5° the beginning of 
germination on an agar surface has been cancel after 3% hours. 
Triplicate tests on slides in a saturated atmosphere showed no germi- 
nation after 10 hours at 10.5°, while at 12.5° not more than 10 percent 
had germinated after 14 hours. Temperatures during moist periods 
within the planted range of Monterey cypress in California fall within 
7° to 15° (45°-59° F.) at least 90 percent of the time. The tests thus 
indicate that germination in the open is likely to take place much more 
slowly than at optimum temperatures. 


Errects oF CHILLING ON RESUMPTION OF GROWTH 


It is a well-known fact that many plants, after being held at tempera- 
tures too low for active growth, do not immediately resume growth at 
a normal rate when returned to a favorable temperature. A similar 
effect with fungi has been noted on cultures of Physalospora rhodina 
and a species of Pleospora by Rose and Butler (36). They found that 
the lag in growth upon return to room temperature showed a decided 
relation to the temperature at which the cultures had previously been 
grown. The period of exposure to the low temperatures was from 6 to 
8 days. 

In the case of Coryneum cardinale, exposures for a period of this 
length would appear to have less significance in interpreting the possi- 
ble retardant effects of diurnal temperature minima in nature than 
shorter exposures corresponding roughly to the duration of low tem- 
peratures on a cold night, as they might affect resumption of growth 
during the warmer hours of the following day. It was expected that if 
a retardant effect could be demonstrated for Coryneum cardinale it 
might prove of significance in comparing the development of cankers 
along the immediate coast of California, where the diurnal temperature 
range is ordinarily small, with development farther inland, where a 
wide daily range is characteristic. 

Four sets of tests were made to determine the existence of after 
effects on growth of Coryneum cardinale from exposure to such shorter 
periods of low temperature. In the first two sets, which were pre- 
liminary in nature, spore transfers were made from two isolations of the 
fungus to the centers of malt and potato-dextrose agar disks in 75-mm 
Petri dishes. These were held at room temperature (17°-24° C.) for 
48 hours; the diameters of the colonies were measured under a low- 
power lens; and the plates were then divided into paired lots, one lot 
being placed i in an ice box at a temperature of 2° to 3° while the other 
was left at room temperature. After 16 hours the plates in the ice 
box were removed, raised rapidly to room temperature, and the colony 
diameters of both lots remeasured, with subsequent remeasurement at 
two succeeding 12-hour intervals during which all plates remained at 
room temperature. 

The differences in growth increment obtained are shown in table 2. 
In both tests the plates that had been transferred to the ice box 
showed less growth during the 12 hours after restoration to room 
temperature than those that had remained at the latter temperature 
range, but the differences were not sufficiently large or uniform to 
demonstrate their significance. 
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Two additional tests involving larger numbers of Sor were 
accordingly undertaken. In these, all cultures were made on potato- 
dextrose agar in 100-mm Petri dishes; an incubator operating at 
slightly above 26° C. was used for storage of the plates instead of 
holding them at room temperature; the preliminary incubation period 
was extended to 72 hours; and the ensuing refrigeration period was 
reduced to 12 hours. Six isolates of the fungus were used in the third 
test but they were not entirely uniform in growth, and in the last test 
this source of possible variation was excluded by employing only a 
single isolate. 


TABLE 2.—Effect of chilling on ensuing growth of cultures of Coryneum cardinale 
after return to a favorable temperature level 
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1 16 hours in tests 1 and 2; 12 hours in tests 3 and 4. 


As may be seen from table 2, growth increment for the 84- to 96- 
hour period in the third test was 0.22+0.11 mm less for the plates 
that had been held at 0° C. in the refrigerator during the preceding 
12 hours than for those that had remained in the incubator, while in 
the fourth test the difference was 0.37+0.09 mm. The latter is the 
more significant because of the greater basis and the lessened sources 
for variation due to the use of only a single strain of the fungus. The 
first three tests, while not conclusive in themselves, strengthen the 
result of the fourth, since all showed growth reduction in some degree 
following subjection of the test fungus to a period of cold. 

Taken together, the tests strongly indicate that a period of low 
temperature, such as may be experienced during a cold night, not 
only reduces or inhibits the growth of Coryneum cardinale during the 
time of occurrence but also causes a depression in subsequent growth 
for a short time after favorable temperatures have been restored. 


SPORE PRODUCTION 
In CULTURE 


Coryneum cardinale forms conidia sparingly in culture on ordinary 
media, and some strains may remain sterile under these conditions. 
With the possible exception of substrata containing asparagin, spore 
formation is usually not initiated in cultures on agar until a substan- 
tial loss of moisture has taken place. The spores appear in small 
isolated black masses under the matted layer of surface mycelium or 
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shallowly immersed in the agar substratum where the latter is thin, 
as around the edges of a slant. Covered crevices produced by the 
shrinkage of the agar under hyphal mats also appear to be favorable 
places for sporulation. Production of spores in layers or free upon 
the surface of the mycelium has not been observed, but their extrusion 
from the embedded or covered fructifications to form black, somewhat 
globular masses on the surface is not uncommon. 

Goldsworthy, in the unpublished experiments previously referred 
to, found that spore formation in culture was stimulated by the 
addition of asparagin to Czapek’s agar. He concluded from this 
that a high nitrogen medium was conducive to the production of 
conidia. In preliminary experiments following Goldsworthy’s clue, 
the writer did not secure increased sporulation on malt agar to which 
asparagin had been added, although an increase was noted on 
Czapek’s agar plus asparagin. However, the increase was not so 
pronounced as Goldsworthy indicated that he had obtained. 

Chlamydospores, both terminal and intercalary, are produced 
rather commonly in culture, either on solid or on liquid media. On 
agar they have been found only on the aerial mycelium. The degree 
to which chlamydospore formation occurs apparently varies markedly 
with the particular strain or state of the fungus, these factors seem- 
ingly exerting more influence than minor differences in environment. 
The same can be said fer the formation of conidia. 


In NATURE 


Spore production under natural conditions out of doors appears to 
be governed, like fruit-body formation, chiefly by humidity, though 
undoubtedly also influenced by temperature. During the period 
from late spring until midfall in California, when precipitation is 
rare, the production of spores is almost at a standstill except on 
infected trees in the zone of summer fogs along the coast or inland in 
protected situations where moisture is artificially supplied, as by 
sprinklers. Formation of conidia may be induced or intensified at 
will by jacketing acervulus-bearing cankers with a moist chamber 
such as may be formed by celluloid or waterproof cellophane wrapped 
about the canker and closed at the ends with moist cotton. Nor- 
mally under dry conditions the spores form only a comparatively 
thin layer or crust within the acervulus, but in a moist chamber the 
rapid production of spores results in their extrusion from the acer- 
vulus in a cushion-shaped mass or in columns. The same acceleration 
in spore production is induced by moisture in nature, but under such 
conditions the extruded spore masses are more likely to be washed 
or floated away in excess water as fast as they issue. Even during 
the rainy season there are times when spore formation is at a stand- 
still because of reduced humidity or temperatures below the levels 
at which the fungus is active. In regions where summer rains accom- 
panied by high relative humidities occur the volume of conidia 
developed would unquestionably be much greater than under the 
conditions prevailing in California. 


GERMINATION AND LONGEVITY OF SPORES 


With proper moisture the conidia of Coryneum cardinale germinate 
at all ordinary temperatures tried between 10° and 27° C. A con- 
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dition of moisture optimum for germination is a saturated atmos- 
phere, with very slight quantities of free water in contact with the 
spores. Germination of spores floating on the surface of drops of 
water is also usually good but that of submerged spores is poor, 
indicating that the oxygen requirements for germination are moder- 
ately high. Doran (14) found that the readiness with which immersed 
spores germinated in water was influenced very much by the degree 
of aeration of the water. In water previously well aerated he secured 
good germination of conidia of Venturia inaequalis and of teliospores 
of Puccinia malvacearum but no germination when these spores were 
deeply immersed in water that had not been aerated. In nature the 
meteoric water available to a bark-inhabiting fungus is always well 
aerated. Germination of C. cardinale on the host trees, therefore, 
should seldom be prevented by a lack of oxygen. 

Germination within a particular lot of spores of the fungus is some- 
times very uniform in time of initiation and rate of progress, but this 
isnot characteristically thecase. Moreoften the processin agiven spore 
population extends over a number of hours. In addition to the effect 
of differences in the microenvironment of individual spores, some of 
the variability in time of initiation of germination is undoubtedly 
inherent in the spore itself or is due to differences in other factors such 
as age. 

One, two, or rarely three germ tubes may be put out by a single 
spore. These normally arise from the two outer colored cells (fig. 
6, C). Branching of the germ tubes ordinarily begins when they 
have reached a length of from three to eight times that of the spore. 
Anastomosis between the mycelia from different spores takes place 
readily, and an interconnecting hyphal mat is soon formed. 

The maximum period over which conidia may retain their viability 
is not known. In order to secure some indication of the retention of 
germinative capacity under ordinary conditions of dry storage in- 
doors, germination tests were run on conidia from eight lots of cankers 
which had been collected in an active state and had then lain in stor- 
age in the laboratory for various lengths of time. The results of the 
tests are shown in table 3. 


TABLE 3.— Viability of conidia of Coryneum cardinale after storage 
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It will be noted that the collections differed widely in the length of 
time over which the capacity for germination had been retained. 
Lot 8 was completely nonviable after 20 months’ storage, while lot 6 
gave 25 percent germination after 42 months. However, the tests 
indicate that compared with those of the average fungus the spores of 
Coryneum cardinale may be classed as comparatively long-lived. 
Conidia of the saprophytic species of Coryneum retain their viability 
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for a much shorter period, usually becoming nonviable in less than a 
year when stored in the laboratory. 

The longevity of spores indoors cannot be applied directly as a 
measure of length of life under natural conditions, but it may have 
indicator value. Most of the observations on comparative viability 
of spores indoors and outdoors have been made for the plant rusts. 
In tests on teliospores of Cronartium ribicola, Spaulding and Gravatt 
(39) found that germinative capacity was sometimes retained longer 
out of doors than indoors. In the present study no comparable tests 
for the cypress canker fungus were made. Viable spores may be 
secured from cankers on trees that have been dead for more than a 
year but, since the acervuli of the fungus may continue activity for 
an indefinite time after the death of the host, the length of the elapsed 
period after death is of little value as an indicator of the age of spores 


present. 
DISSEMINATION 


The determination of the means of spread of a pathogen often 
affords a key to methods of control. The principal agencies likely to 
be concerned in the distance spread of fungi are wind, birds, and insects 
(38), though on a different basis Orton and Beattie (34) considered 
man as the most frequent agent and living plants or plant parts as the 
most important medium of transfer. 

The spread of the cypress canker to older planted Monterey 
cypresses, often unquestionably over distances of many miles, has 
indicated definitely that either wind or a winged carrier was con- 
cerned. Smith and colleagues (38, p. 25) state that cypress trees 
isolated from any other by a distance of 20 miles or more have been 
destroyed by the disease. Coryneum cardinale produces spores in 
fair abundance under moist conditions, as previously stated, but 
production practically ceases in dry weather and the spores adhere in 
compact crusts or masses from which they are not readily detached 
by wind. 

Field indications point toward at least some spore carriage by wind, 
however. Attempts to secure evidence on this means of dissemination 
were accordingly made by exposing slides coated with a mixture of 
2 parts glycerin and 1 part glucose as recommended by Shitikova- 
Rusakova (37). Filtered honey was used for the glucose component 
of the mixture. Thin smears of this material on slides proved quite 
satisfactory for capturing air-borne particles in dry weather. Petri- 
dish plates made up with 2.5 percent agar with the addition of a 
small amount of glycerin and 0.5 percent phenol were also exposed, 
the phenol being added to inhibit the germination and growth of 
spores that might be caught, particularly those of ubiquitous forms, 
such as Alternaria and Penicillium, which might overrun the plates 
before examinations could be made. 

The slides were exposed by wiring them to pieces of lath driven into 
the ground at approximately a 45° angle or fastened within the crowns 
of trees. The agar plates were either laid out open or were exposed 
from moving vehicles. In all cases slides and plates faced in the di- 
rection of the wind and those in a stationary location were usually 
placed in the lee of an infected tree or of a particular canker showing 
numerous Coryneum pustules. Wind velocities during periods of 
exposure were estimated according to Beaufort scale Gelbentaes (42). 
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Upon collection the slides or plates were covered, pending examination 
under the microscope at approximately a 100-diameter magnification, 
Owing to the very small number of Coryneum spores caught it was im- 
practicable to restrict the examination to single sample square centi- 
meters. On slides areas of either 4 or 12 cm? were examined, and on 
plates approximately a fourth of the area was looked over. 

The results of the tests are shown in table 4. Of a total of 284 cm? 
examined on 23 exposed slides or plates, only 22 spores that appeared 
to be those of Coryneuwm cardinale were found. Eight of the twenty- 
two appeared to be old and nonviable. The small number caught 
tends to confirm field indications that some dissemination of spores of 
the fungus by wind occurs but that the number of spores carried is 


small in comparison with that of many fungi better adapted to wind 
dispersal. 


TABLE 4.—Tests for capture of air-borne spores of Coryneuwm cardinale 
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For evidence on the extent to which Coryneuwm spores are washed 
down by rains, filter-paper disks were stretched over paraffined em- 
broidery hoops 5 and 6 inches in diameter. These were fastened in 
an inverted, horizontal position beneath branches bearing cankers 
with moderate numbers of Coryneum fruiting bodies, or beneath large 
trees showing evidence of pronounced Coryneum infection. Two sets 
of tests were made, the first during the onset of initial fall rains in 1932 
and the second in 1933 at the start of the second rain of the wet season. 
A period of over 6 weeks of rainless weather had elapsed in the latter 
year since the first precipitation. In both years the rains during the 
tests were heavy enough to wet through the crowns, but without 
violent or extended downpours. 

Counts of lodged spores caught on the filter paper were made under 
the low power of the microscope on 18-mm squares cut with a sharp 
razor blade from the outer central portion of the quadrants of each 
disk and mounted in small drops of water on slides. Counts could 
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not be made with complete accuracy, particularly on the 1932 disks, 
because of dust particles and other opaque material caught on the 
paper along with the spores. Counts for the different quadrants of 
some of the disks varied widely, because the paper surface had not 
been absolutely level and the water tended to carry the spores to the 
lowest side. Thus on one disk in the 1932 exposure the count on the 
four squares ranged from 37 to 706 per square centimeter. The aver- 
age spore counts for the disks are shown in table 5. 


TaBLE 5.—Spore catch of Coryneum cardinale on filter paper during early rains 
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Nov, 27-30, 1932_.... 1 | 20cm under branches with acervu- 66 23 | First rain of sea- 
lus-bearing cankers. son, only light 
showers until last 
13 hours. 
icntinedhties 2 | 30-60 cm under branch bases bear- 66 228 Do. 
ing acervuli. 
Dec 2-3, 1933....... 3 | Under tall infected tree--_......-- 16 22 
RS 4 | Under small infected branch --.. -- (?) 4 | Dislodged by wind 
during night. 
i sthaliineiedatinnn 5 | 20-90 cm under branch bases bear- 16 193 
ing acervuli. 
ao 6 | 30 cm under branch bases bearing 16 13 
acervuli. 





The results demonstrate that large numbers of spores may be 
splattered out or washed down by rains, and it is probable that rain 
is the principal agent in spore dislodgment from the fruiting bodies. 
Rain must also be an important factor in the distribution of spores 
locally within tree crowns or to adjoining trees. Field observations 
have indicated that in trees in which primary infection by the cypress 
canker fungus has occurred in the top or high in the crown, the spread 
of the disease through the crown occurs much more rapidly than when 
the fungus becomes established first on one of the lower branches or 
on the lower part of the main stem. The difference appears to be 
best explained by the greater opportunity for spore dissemination to 
unaffected parts from infections located high in the crown. 

No experimental work has been undertaken to secure direct evi- 
dence on transmission of the fungus by birds and insects. The fact 
that fungi and bacteria are often attached to the bodies of birds is 
well established (38, p. 23), and there seems no reason why Coryneum 
spores may not be carried by them. Several ornithologists familiar 
with bird habits in the territory where the cypress canker is prevalent 
were in agreement that no one species of bird has been observed to 
particularly frequent cypress during daylight hours, though almost 
any of the onal species of birds may be found there. They also 
concurred in the view that, while many birds to be found in cypresses 
move seasonally or with changes of food supply to different districts, 
none of them can be considered truly migratory. The degree to 
which trees are frequented depends very much on the location and 
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surroundings. Isolated trees or groups of trees and trees close to 
attractive sources of food are more likely to serve as gathering places 
for birds than trees in a generally wooded area. Even species like 
the valley quail (Lophortyr californica vallicola (Ridgway)) use 
Monterey cypress windbreaks for cover when other types of cover 
are limited. 

While birds in a district of fairly plentiful cover do not markedly 
frequent cypresses during daylight hours, these trees, because of 
their thick foliage and evergreen habit, are favorite roosting places 
for birds at night. The resin usually present on the surface of 
cankered portions of branches makes them unattractive as roosting 
sites and there is thus little likelihood of direct contact with the 
fruiting bodies of the fungus. Only the spores washed by condensed 
moisture from fructifications to noncankered portions of branches or 
carried there by wind movement would therefore have an oppor- 
tunity to become attached to the bodies of birds, except as spores 
might be picked up by insectivorous species during occasional daytime 
feeding around cankered areas. 

The assumption that insects may be important carriers of the 
fungus has been rather generally entertained, but so far field observa- 
tions have provided only small support for this view. Beetles of 
the genus Phloeosinus commonly attack the dying parts of branches 
or trunks girdled by the cypress canker, but no instance has been 
observed where they have invaded the cankered bark itself, probably 
because of the infiltrated resin. Usually they confine their work to 
the portions above a girdling canker. It is a common habit for bark 
beetles to crawl over the bark in an exploratory search before the 
excavation of an entrance tunnel is begun, and in the course of this 
it appears that they might readily pick up spores. If, however, the 
infested beetles enter parts of the tree already girdled by the canker 
or nearly so, the fact that they carry spores is of little consequence. 

The twig-mining habits of the Phloeosinus beetles (9) provide one 
means of estimating their importance in initiating Coryneum canker 
infections. If spores of the fungus were commonly borne by the 
beetles one would expect the development of infections from many of 
the mined twigs. Instead, such infections are quite infrequent and 
when found they have been on trees already bearing numerous 
cankers, from which spores might readily be washed or blown directly, 
without insect carriage, into the wounds in the twigs made by the 
beetles. 

Another insect open to suspicion (10) is the cypress bark moth, 
Laspeyresia cupressana (Kearf.), because of the frequent association 
of the larvae with lesions of the disease, particularly close to the coast. 
Out of 45 positive inoculations on branches of Cupressus macrocarpa 
in a locality within a mile of the ocean, 39, or over 85 percent, were 
later invaded around the margins of the lesions by the larvae of this 
moth. Of 14 similar inoculations on hosts of about the same age at 
a location about 13 miles farther inland, 9, or approximately 65 per- 
cent, later showed evidence of the work of the larvae. The actual 
difference in infestation between the two sets of experimentally pro- 
duced cankers was greater than indicated by these figures, since at 
the inland location each infested lesion harbored only a single larva 
while on the coast most of the lesions supported several larvae each. 
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The larvae mine the affected bark tissues near the borders of the 
lesions and thus certainly come in contact with the hyphae of the 
fungus but not necessarily with spores unless the latter happen to 
lodge at the mouth of a tunnel of the insect. Pupation takes place 
at the bark surface with the pupal case projecting at an angle from the 
bark and attached only at the base. The adult moth emerges from 
the distal end of the case, a habit suggesting an adaptation for pro- 
tection from contact with resin likely to be present on the bark surface, 
though it should also serve to prevent contact with spores of the 
Coryneum. Whether the moth descends from the pupal case and 
crawls on the bark while its wings are drying is not known, but such 
is probably not the case. Observation indicates that the adult 
moths do not fly far. After mating the female deposits the very 
small eggs singly on the bark, and upon hatching the minute young 
larvae immediately begin to bore in for food and protection.® 

Altogether this life history indicates that the opportunities for the 
spread or establishment of the disease by the cypress bark moth are 
limited and that the insect is not likely to be an appreciable factor in 
the dissemination of the Coryneum. Some infection probably takes 
place through the wounds made by the larvae in tunneling in un- 
cankered bark, but there has been no field evidence that infections 
occurring in this manner are particularly important in connection 
with the spread of the disease. In fact, no one species of insect 
appears to be especially concerned in this regard though a number of 
forms may occasionally transport spores that have become attached 
to their bodies while the insects were crawling over bark or other 
objects on which the spores were lodged. 

Dissemination of Coryneum cardinale by man through the transport 
of infected plant materials and locally ts transmission on pruning 
implements or other tools has been demonstrated by proved cases and 
corroborated by much strong circumstantial evidence. Within some 
districts, spread on planting stock bearing spores or incipient infec- 
tions of the fungus has been an important factor but it seems certain 
that this means of dissemination has not played a large part in the 
extension of the disease as a whole. Closer restrictions on the move- 
ment of cypresses from areas where the disease is present and the 
voluntary abandonment of susceptible species as stock items by most 
of the nurseries in infected districts have gone far in reducing this 
source of spread. Transfer of the fungus on pruning tools from in- 
fected to uninfected trees takes place readily and on some individual 
properties has been a major source of spread. When considered on a 
comparative basis over the entire diseased area, however, it corre- 
sponds to transfer on nursery stock as a minor means of spread of the 
fungus. Spread by natural agencies far outweighs either human 
source in importance. 

Until more is known concerning the specific natural means of dis- 
semination, no safe estimate is possible of the part which each agency 
has played in the present wide distribution of the disease within 
California. Its comparative absence close to the coast and the rela- 
tion of disease occurrence to topography are suggestive but do not 
definitely point to any one agency. Observations in several specific 

* For information on some of the details of the life history of the cypress bark moth, the writer is indebted 


to members of the Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, in par- 
ticular to George R. Struble, assistant entomologist. 
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locations have suggested wind as the most probable carrier of the 
spores in those instances, but without direct proof. For the present 
all that can safely be said is that dissemination of the fungus is 
chiefly by natural means. 


STATUS AS A NATURAL SAPROPHYTE 


A parasitic fungus that is also capable of development and reproduc- 
tion as a saprophyte has a better chance for survival and spread than 
one limited strictly to the parasitic state. Several field observers of 
the cypress canker have formed the opinion that the inducing fungus 
occurs in nature as a true saprophyte as well as in connection with 
the regular parasitically produced cankers; this view is also suggested 
by Birch (4) in his statement that in New Zealand ‘‘Coryneum also 
occurs on dead twigs, persistent on the stem.” The readiness with 
which Coryneum cardinale grows on ordinary nutrient media favors 
the assumption. However, in extensive field examination of the dis- 
ease in California, the writer has never found a case of development 
and fructification on dead material in nature, though there is evidence 
that the fungus may remain active in cankered bark for many months 
after the host part is completely dead. All apparent cases of true 
saprophytic development have turned out to be, on examination, 
either Pestalotia funerea or the saprophytic species of Coryneum. 

While it is not impossible that Coryneum cardinale may live and 
fruit in nature as a saprophyte on dead material other than the killed 
tissues of parasitic lesions, an acceptance of this form of development 
as an appreciable factor in the spread or intensification of the disease 
appears unwarranted without more evidence than is now at hand. 


PATHOLOGICAL FEATURES 
SITE AND MANNER OF INFECTION 


The readiness with which Coryneum cardinale may become estab- 
lished through wounds has already been indicated in connection with 
insect workings and wounds due to pruning. It is further substan- 
tiated by the almost uniformly positive infection obtained when 
inoculum of the fungus is inserted under slits in living bark of suscep- 
tible hosts such as Cupressus macrocarpa. 

Visible wounds account for only a small part of the infection that 
takes place in nature, however. Birch (4) states that in New Zealand 
“spore penetration usually occurs in the overlapping bark at the base 
of laterals,” independently of mechanical injury, as has been demon- 
strated experimentally. He also adds that dead twigs on which 
Coryneum is present become embedded in the bark and are frequently 
seats of infection. 

In California most incipient infections of natural origin have 
appeared to center around the bases of foliar branchlets, twigs, or 
side branches, with no evidence of mechanical wounding of the tissues. 
Crotches between branch forks are also common sites for the initiation 
of cankers. Where a canker centers around a twig there is generally 
no evidence to indicate that the fungus has first attacked the twig and 
has spread from it into the branch or stem bearing it as is characteris- 
tic for such canker-forming fungi as Phomopsis pseudotsugae Wilson 
or P. lokoyae Hahn on Douglas fir (6, 44). In these diseases the in- 
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strumentality of the twig as the medium through which the fungus has 
become established is plainly evident, while in the case of cypress 
canker the twigs at the center usually die slowly and only after all of 
the tissues surrounding their bases have been killed. In South Africa, 
Bottomley (5) has been able to successfully infect young trees of 
Cupressus macrocarpa with a species of Phomopsis without wounding, 
when the plants were held in a moist chamber for a week following the 
surface application of the spore suspension used as inoculum. 

In a preliminary attempt to secure evidence on establishment of 
the cypress canker fungus in the absence of wounds, suspensions of 
spores in sterile distilled water were painted, by means of a camel’s- 
hair brush, in spots on the stems and foliar branchlets of young potted 
specimens of Cupressus macrocarpa about 2 feet tall, which still re- 
tained their juvenile foliage. The spores were secured from three 
different collections of Coryneum cardinale taken from Cupressus 
macrocarpa and were mixed in a single suspension. Five spots at 
intervals on the stems of each of two trees and three additional spots 
on foliar branchlets were painted with the suspension. All of the 
painted spots were then wrapped with moist absorbent cotton, and 
the trees were placed in a small office greenhouse at a south window. 
Two check trees were treated alec, except that distilled water 
only was used in place of the spore suspension. 

Of the 13 spots painted with spores, 1 on a stem and 1 on a foliar 
branchlet developed fruiting pustules of the fungus while a second 
branchlet appeared to be positively infected but developed no fruiting 
structures. The remaining spots and the checks did not become in- 
fected. Death of the hosts beyond the points of positive infection 
occurred within 2 months. 

Bits of mycelium with attached agar from a multiple-spore culture 
of the fungus were placed by means of a sterile needle at scattered 
locations along the stems of two other trees of the same lot, three on 
one tree and four on the other. The portions of the stem bearing the 
inoculum were then enclosed in chambers made by wrapping a strip 
of celluloid over collars of absorbent cotton wrapped around the stems 
above and below each bit of mycelium. When the cotton was slightly 
moistened these formed effective moist chambers. In order to provide 
room for the placing of the chambers a small amount of trimming of 
foliage was necessary, and some of the resulting small wounds were 
within the area covered by the cotton collars though not in the imme- 
diate vicinity of the inoculum. 

From the seven spots, two positive and one doubtful infection de- 
veloped. The fact that a slight amount of pruning had been done, 
however, raised the question whether mycelium might have grown far 
enough over the surface to reach one of these wounds. The infections 
obtained were accordingly not considered as conclusive evidence of 
the entrance of the fungus into unwounded stems. 

Eighteen potted Monterey cypresses of similar size and type were 
divided into three lots of six each. One lot was sprayed with a sus- 
pension in distilled water of Coryneum cardinale spores from the same 
host species. Additional spores in suspension were painted on the 
trees at the bases of side branches by means of a small sterile camel’s- 
hair brush. Six check trees were sprayed and painted in the same 
manner with distilled water only. Both lots were placed in a small 
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office greenhouse in which a humid atmosphere was maintained for 
6 days. At the end of this time both lots were placed on a window 
ledge out of doors. 

The six trees of the third lot were wrapped with wisps of cotton at 
19 places on stems and side twigs. In each case the wrapping was 
placed just beneath the junction of a lateral twig or branchlet to pre- 
vent droplets of spore suspension from running down the stem below 
the areas to which they were applied and to mark the sites of appli- 
cation of inoculum. At four of the marked locations a suspension in 
distilled water of spores from a vigorous canker on Cupressus macro- 
carpa was painted on. The rest were painted with a suspension of 
spores from a single-spore culture from C. macrocarpa. A number of 
check locations were painted with sterile distilled water. After appli- 
cation of the spore suspensions several of the spots were covered by 
the cylindrical celluloid chambers previously described, but these were 
difficult to place without removing or bending foliage badly. This 
method of coverage was therefore discontinued, and for the remaining 
inoculation sites the entire crowns of the trees were enveloped with 
transparent waterproof cellophane covers gathered and tied around 
the stems above ground level. These appeared to make very satis- 
factory moist chambers. 

The trees were left inside a warm room for about 6 hours and were 
then placed on a window ledge out of doors, where temperatures 
ranged between 10° and 16° C. (50° and 60° F.). Part of the cover- 
ings were removed after 3 days and the rest after 5 days. 

No evidence of infection by Coryneum appeared on any of the three 
lots of trees during the period they remained under observation for 
inoculation results. All three lots were later transferred to a lath 
house out of doors and held there until the following year. At the 
end of that period they still appeared entirely healthy and were 
incorporated, along with some 160 other Monterey cypresses, in a 
test plot at Stanford University, Calif. After growing in the latter 
plot for more than a year, 6 of the 12 trees to which spores had been 
applied over 2 years before developed Coryneum lesions, multiple on 
3 of the trees and confined on all of them to the portions originally 
inoculated. The plot was open to natural infection, but although the 
trees previously used in the inoculation tests had reached three times 
the size that they were at the time of inoculation, no cankers had 
appeared on any of the subsequent growth. Moreover only seven of 
the other Monterey cypresses on the plot, or about 4 percent, had 
become infected, though many of them were larger and offered better 
infection targets. The circumstances suggest strongly that the fungus 
must have remained viable in some form for over 2 years on the pre- 
viously inoculated plants before obtaining entrance into the living 
cortical tissues and producing lesions. 

Infection tests made by painting spore suspensions on juvenile 
twigs of Monterey cypress in Petri-dish moist chambers, which were 
then placed outside on a north window ledge, were all negative. 
Small lesions that developed on the twigs were found on culturing to 
contain other fungi and did not yield Coryneum. 

In exploring the possible reasons for failure to secure prompt 
infection in the later experiments as compared with at least limited 
success in the first trials, it was found that manipulation of juvenile 
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foliage of Monterey cypress may result in very small longitudinal 
ruptures of the epidermis at the bases of the young, scalelike leaflets. 
These are too small to be visible to the naked eye but become apparent 
when magnified under a lens. Their discovery suggested that the few 
positive infections secured in the preliminary tests may have orig- 
inated through minute wounds of this sort on the foliage, incurred 
during the making of the inoculations or the placing of the individual 
moist chambers. 

Breaks that might afford entrance to the fungus have occasionally 
been noted in the protective epidermal layers adjacent to branch or 
twig bases on young, vigorous trees during periods of rapid growth, 
as well as on trees showing evidence of disturbed physiologic func- 
tioning, but hardly with sufficient frequence to afford possible en- 
trance for more than a very small fraction of the infections that 
become established. Any rupture that occurs is quickly sealed by the 
flow of resin induced by the injury, but this material may not form an 
effective barrier to the entrance of mycelium of Corynewm cardinale 
since the fungus appears to be able to tolerate considerable quantities 
of resin. Hyphae are often numerous in the pathologically enlarged 
resin vesicles of tissues recently killed by the fungus. In addition, the 
uniform success attained in slit inoculations, in spite of the resin 
almost immediately released by the wounding, indicates a high resin 
tolerance by the fungus. 

Therefore, while field evidence points strongly to the establishment 
of the fungus without wounding and there is usually no evident point 
of entry, entrance without wounding remains unsatisfactorily demon- 
strated experimentally except for the work of Birch (4), of which he 
gives no details in his brief paper. 


HOST REACTIONS 


The study of the pathological and cytological changes in the host 
tissue accompanying the penetration of the parasite is more difficult 
than for many diseases, in part because of the browning produced in 
the affected tissues and in part because of the profuse resin production 
stimulated in the parenchymal cells. These changes obscure details 
in uncleared bark tissues when viewed in section, though the hyphae 
of the pathogen can be made out in places, owing ‘to the slightly oliva- 
ceous tint which they develop. When clearing agents are used the 
hyphae become hyaline and practically invisible. ifferentiation has 
been attempted with a number of stains, including eosin, safranin, and 
light green, cotton blue (China blue, Berlin blue) applied by Ogiliere’ $ 
lac tophenol method, and Cartwright’ s safranin and picroaniline blue, 
but with indifferent success. Several of these stains produce beauti- 
fully clear and brilliant preparations, but the hyphae of the invading 
fungus are usually less visible in them than in totally untreated 
sections. 

Browning of the parenchymal tissues of the cortex has been noted 
for as much as a millimeter ahead of the first visible hyphae. It occurs 
principally in the cell walls, though scattered cells may show brown 
contents ahead of the browning of the walls. Resin secretion is greatly 
stimulated and rows of very large resin vesicles are developed. Not 
infrequently the vesicles are partitioned by the platelike tangential 
rows of thick-walled bast fibers characteristic of many of the Cupres- 
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saceae, according to Moeller (32). These plates of bast fibers one cell 
in thickness ordinarily extend without interruption from one medullary 
ray to another and appear to offer considerable obstruction to the 
inward radial penetration of the Coryneum hyphae. Instances of resin 
vesicles traversed by the plates of fibers have been observed in which 
the portion of the vesicle on one side of the plate contained numerous 
Coryneum hyphae while in the portion on the opposite side hyphae 
were scarce or absent. 

The fungus is able to penetrate more freely in a longitudinal direc- 
tion and extension is more rapid there. In consequence the limits of 
infection are often greater in the outer cortical tissues than they are in 
the inner layers close to the cambium. When the cambium is reached 
some penetration into the tracheids of the wood takes place, but 
hyphae have not been observed deeper than the outer layers of the 
first annual rmg’ and were very sparse where present. Even in the 
bark the mycelium does not appear to be profuse, and massed hyphae 
are never found except in the immediate vicinity of fruiting structures. 

Young Monterey cypresses do not exhibit a capacity for walling off 
the advance of the fungus by the ready production of wound periderm. 
Whether this is correlated with the late initiation of an active bark 
phellogen is not known, but the possibility of a relationship suggests 
itself. Layers of wound periderm isolating affected tissues are not 
commonly found in connection with Coryneum lesions on wood only 
a few years old in Cupressus macrocarpa and C. sempervirens stricta, 
but on older stems or Sounaiien they are frequent. As a rule they are 
laid down tangentially and isolate the diseased tissues before all of the 
underlying cambium has been invaded. Often the fungus manages 
to pass the first zone of periderm, and a second, or in rare cases even 
a third, may be formed. Growth of the underlying cambium on older, 
thicker-barked specimens frequently leads to the rupturing of dead 
tissues above and seems to be the principal cause of the pronounced 
cracks appearing on many large infected stems and branches as illus- 
trated by two of the specimens in figure 3. Bramble (7) has noted the 
same platelike formation of wound periderm in the bark of chestnut 
invaded by the parasite Endothia parasitica. 

The marked browning effect on the bast tissues many cells in 
advance of the hyphae suggests the presence of a diffusible toxin, but 
this has not been demonstrated. 


RATE OF SPREAD IN HOST 


Observations on the rate of advance of cankers were made in two 
locations, one on the ocean side of the San Francisco Peninsula below 
Half Moon Bay and the other in a comparable position and elevation 
on the inland side of the peninsula. These locations represent, respec- 
tively, the cool climatic conditions of the coastal strip immediately 
fronting on the Pacific Ocean, where very few cases of cypress canker 
have appeared, and the warmer climate of the interior coast valleys, 
where the disease has caused maximum damage. A few cankers were 
established by inoculation at a second inland location, but early 
destruction from other causes prevented the carrying through of 
measurements of canker enlargement. 





7 In more recent unpublished work, A. W. Dimock, formerly assistant pathologist, Civilian Conservation 
Corps, in cooperation with the Division of Forest Pathology, has demonstrated the presence of the fungus 
at much deeper levels in the wood. 
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All cankers included in the observations were initiated by inocu- 
lation on branches 1 to 4 cm in thickness of Cupressus macrocarpa. 
Colonies from several isolates of the fungus were used as inoculum. 
The first inoculations at the coast location were for the purpose of 
demonstrating whether the disease would develop there, but they 
also yielded information on increase in size of cankers. The hosts 
for these and for the subsequent experimental lesions at this location 
consisted of an isolated group of 10- to 15-year-old trees within less 
than a mile of the shore line and under the direct influence of the char- 
acteristically cool ocean winds. At the inland site the cankers were 
on branches of several 8-year-old trees among a row in which the 
disease had caused heavy damage. All inoculations were made on 
branches with smooth outer bark, for on parts on which the outer 
bark has become fibrous the limits of cankers are not determinable 
without incision. Care was taken to distribute the inoculations 
within the individual tree crowns in such a way that they would be 
representative of the variations in exposure to sun and wind normally 
existent within crowns of Monterey cypress. 

Since at the time of initiation of the experimental cankers at the 
coast station no areas of general natural infection were available close 
to the ocean, precautions were taken to prevent spore dispersal even 
though the host trees selected for inoculation formed an isolated 
planting. Covers of waterproof cellophane were applied around the 
first series of lesions as soon as fruiting bodies began to develop, but 
they did not prove fully satisfactory because of moisture retention and 
were abandoned at the end of the seventh month after inoculation. A 
canker coating of resin dissolved in linseed oil was next tried but this 
in turn was discontinued in favor of a thick varnish composed of resin 
dissolved in xylene The varnish was applied at periodic intervals as 
needed to maintain a seal over the portions of cankers bearing fruiting 
bodies or likely to develop them before the next application. The 
nonfruiting outer zone of the lesions was not covered. The varnish 
proved to be effective in preventing spore dispersal but gave evidence 
of an unfavorable reaction on canker extension, particularly in the 
case of the 1933 inoculations. Cultures from spores and _ tissues 
beneath the coating were uniformly positive, indicating that the effect 
was not due to the toxicity of the covering material but perhaps to its 
action in preventing the imbibition of atmospheric moisture by the 
killed bark except at the uncoated margins of the lesions. 

In measuring cankers it was found that widths of lesions could not 
be determined with the same accuracy as lengths and that lateral 
extension was more subject to influence by the mining of cypress 
bark moth larvae along the lesion margins. For this reason data on 
canker width have been omitted from table 6. Furthermore it has 
seemed necessary to divide the data on extension in length into two 
parts, the first applying to cankers for which the development appeared 
to be reasonably normal and the second to cankers that showed 
evidence of influence by unfavorable environmental conditions. 
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TABLE 6.—Longitudinal extension of cankers from Coryneum cardinale 
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Increment 
| | Period of } | 
Type of cankers, station,and | Tres | growth! | Cank- | For total period | 
inoculation date ; oa (week ers | | Aver- | Aver- 
No.) | age age 
Mini- | Maxi- | Aver- | weekly | annual 
mum | mum | age 
Normal cankers: Num- Num- | Centi- | Centi- | Centi- | Centi- | Centi- 
Coast: ber 2 ber 2 meters | meters | meters | meter | meters 
OS Eee 2 0-14 16 4.5 8.0 5.8 0.41 
15-32 (15) 1.0 5.0 2.5 -14 10.7 
33-52 (15) .0 6.8 2.4 -12 
cS 3 0-13 15 -5 7.0 4.6 . 35 
14-31 (15) .0 6.7 2.6 .14 10.8 
32-51 (15) .0 8.5 3.4 | 17 
Inland valley Feb. 23, 1933_-._. 3 0-24 10 7.0 14.5 10.5 44 
25-37 (10) 1.0 9.0 4.9 . 38 20.8 
38-49 (10) 1.5 10.0 4.2 . 35 
Abnormal (?) cankers: 
Coast, Feb. 22, 1933........... 4 0-24 13 3.3 8.0 5.9 > 
Inland valleys, Feb. 23, 1933_-. 62) ] 0-24 4 5.5 8.5 7.0 29 
25-37 (4) .0 2.5 1.4 | 10.6 
38-49 | -0 3.0 | 1.6 .13 








1 After inoculation. 


2 Numbers in parentheses are repetitions of numbers already shown and do not represent additional trees 
or cankers. 


Even in the group considered to be more or less normal in develop- 
ment, the rate of extension among different cankers varied widely, as 
may be noted from the columns for minimum, maximum, and average 
length increment in table 6. Measurements were not made with 
sufficient frequency to determine seasonal effects on progress of 
cankers, but most of the erratic extension in individual cankers 
appeared to have little relation to season and was probably more 
closely linked to the formation of partial barriers within the host 
tissues. Since growth seldom ceases completely in Cupressus macro- 
carpa, dormancy is likely to be less of a factor in this host than in most 
other species. At Carmel, Calif., MacDougal (29) found that growth 
was continuous in a Monterey cypress during a period of 20 months, 
which was as long as observations were maintained. At both coast 
and inland stations the increase in length was greater for the first 
period of measurement than for subsequent periods. This may be 
connected with protective reactions on the part of the host, as it has 
been noted that, even in the case of reasonably resistant species, 
cankers established by inoculation are able to extend for a time before 
they are walled off by the host. Length extension at the inland sta- 
tion was at the average rate of nearly 21 cm per year, while on the 
coast it averaged little more than half as much. Although rate of 
development at the coast station is open to some question, owing to 
the necessity for protective measures against dispersal of spores, it is 
not believed to have been materially affected except in the case of the 
series of February 22, 1933, which has been segregated in the table. 
The slower rate of extension along the coast is to be anticipated from 
the lower average temperatures prevailing there as compared with 
inland situations, though additional tests on a strictly comparable 
basis would probably show somewhat less difference than indicated 
above. 


124370—39——-3 
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The four inland cankers segregated as abnormal in rate of develop- 
ment were on branches of trees with trunk cankers. At the time of 
inoculation, the branches appeared healthy and there was no indica- 
tion that they were influenced by the presence of the cankers on the 
trunk; but during the following summer, the branches practically 
ceased growing and showed distinct indications of impeded sap supply. 
Instead of increased development, as might be expected on the basis 
of reactions in certain other types of cankers, the cankers on these 
branches became similarly depressed in rate of development. If killing 
of tissues in the cypress canker is brought about through the local 
diffusion of a toxic substance in advance of the hyphae, as has been 
suggested in a previous section, it is possible that the reduction in 
canker extension on these branches may be accounted for by the 
lessened opportunity for diffusion into the less active surrounding 
host tissues. 


SUSCEPTIBILITY OF HOST SPECIES 
INOCULATION RESULTS 


Inoculation tests with Coryneum cardinale and to a lesser degree 
with the saprophytic species of Coryneum from Cupressus have been 
carried on intermittently for 6 years. Potted 2-foot trees housed in 
a small office greenhouse at a south laboratory window were utilized 
for one group. Another series was carried out in a temporary outdoor 
shelter of cellulose-filled screen and lath lined with muslin. A third 
series was housed in an unheated compartment of a standard-type 
greenhouse. In addition, a total of 65 outdoor inoculations on Cupres- 
sus macrocarpa, made for purposes other than for establishing the 
pathogenicity of the fungus for this host, have been undertaken. All 
of the latter, without exception, proved definitely positive. 

The standard technique employed in the tests consisted of sponging 
the site of inoculation with cotton moistened in 70- or 95-percent 
alcohol and introducing the inoculum into a slit in the bark made in 
the manner described by Meinecke (31), except that the point of the 
lance was not pushed through the bark to the outside. Instead, the 
bark on the left side of the slit was merely loosened from the cambium 
to a width of 3 to 5 mm, forming a small pocket into which the inocu- 
lum was introduced on the point of the lance. After inoculation the 
slits were wrapped with strips of waxed paper and tied with raffia or 
in some cases were merely painted over with a thin coat of warm 
paraffin. Waxed-paper wrappings were removed after about 10 days. 

Several other methods of applying the inoculum were employed in 
the inoculations on the 2-foot potted trees of Cupressus macrocarpa 
in the laboratory series. The tests without intentional wounding 
have been reported in an earlier section. In those designated as 
“searified spot” in table 7 the bark was scarified with the edge of a 
sterile scalpel, spores in suspension in sterile water were painted on 
with a sterile brush, and the wounds were covered with moist cotton. 
Lesions on Cupressus macrocarpa provided the source of inoculum. 
In addition to Coryneum cardinale, the unnamed OCoryneum now re- 
garded as saprophytic was included. The mycelium used as inoculum 
for part of the tests was from single-spore cultures on malt agar. 
In placing it, care was exercised to introduce as little agar as possible 
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with the mycelium. All of the trees inoculated were in growing 
condition. 


TABLE 7.—Inoculations on Cupressus macrocarpa in the laboratory, August 1927 








Inoculum | Inoculations 
} 
7 : 
Di ce a ie _ Posi- | Nega- | Doubt-| Posi- 
Spec 2 ¢ : . 
pecs Type Type | Total | ‘tive | tive ful tive 





| 
} ‘ 
j= | 
| Number een Number| Number) Percent 
| 53 
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Coryneum cardinale__..| Spore suspension Slit 5 6 
Saas 1 80 
__ eee | Mycelium paimtecetie re 6 0 0 100 

Coryneum sp__...-.---. | | TRS Seay | SESS 15 13 3 0 

ee ined 12 0 0 


Sterile agar- Ba Bi ESS | 12 
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The results are shown in table 7. Most of the inoculations with 
Coryneum cardinale were definitely positive, but in no case did the 
unnamed Coryneum produce definite lesions. The rather large number 
of instances in which results were doubtful may be accounted for by 
the fact that several inoculations were placed at intervals on the stem 
of each small tree and that in some instances development of a lesion 
at one of the lower sites girdled the stem at that height before results 
at the sites above had become definite. It will be noted that the 
tests in which the inoculum consisted of a spore suspension were less 
uniformly positive than those in which mycelium of the parasite was 
introduced. 

Inoculations in the lath-shelter series were made on strong potted 
trees 1% to 4 feet in height, representing eight species and several 
varieties of possible hosts. The inoculum employed was in part 
mycelium from single-spore cultures of the fungus, in part mycelium 
from colonies derived by planting together on malt-agar plates trans- 
fers from two single-spore isolations of Coryneum cardinale and, for 
the rest, spores of the fungus picked up on the moistened surface of 
the inoculating lance directly from fruiting bodies. Controls of the 
usual type of sterile slit were included in some tests and in others 
inoculations on Cupressus macrocarpa were used as controls. The 
slit method of insertion of inoculum was followed throughout. 

From the summary of results in table 8 it may be noted that of the 
species inoculated only one, Libocedr us decurrens, gave entirely nega- 
tive results, though on two other species, Juniperus occidentalis Hook. 
and Cryptomeria japonica D. Don, the lesions obtained were very 
limited.* 
“sM.C. Goldsworthy, in the inoculation tests previously referred to, secured negative results on peach, 
apricot, redwood (Sequoia sempervirens (Lamb.) Endl.) and giant sequoia or big tree (S. gigantea ( Lindl.) 


Decne.) with single-spore isolates of the fungus from Cupressus macrocarpa but positive infection on the 
latter host. 
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TaBLE 8.—Inoculations with Coryneum cardinale on potted trees under muslin-lined 


lath shelter 





Month 


and 
year 


April 
1929 


August 


1931 


March 
1933 


| Cupressus macro- 








| Species inoculated | Inoculum 
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bonita Lemmon. | 





C. arizonica bonita. | 
C. lusitanica_......- | 
C. benthamii knight- 
iana (Knight and 
Perry) Masters. 
C. benthamii lindleii 
(Klotzsch.) Mas- | 


rs. 
C. sempervirens in- 
dica Parl. 
Cc. macnabiana 
Murr. 


Libocedrus decurrens 
Juniperus occiden- 
talis. 


carpa. 
C. arizonica bonita_. 








ecidetleiintesitpsstsnbinssten 


Cupressus arizonica | Mycelium. 


Mycelium. 
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ne | Spores... 
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Origin of inoculum 


Single-spore culture 
from C. macro- 
carpa. 

Fruit bodies on C. 
macrocarpa. 


Single-spore culture 
from C. macro- 
carpa. 

Fruit bodies on C. 
macrocarpa. 


from C. macro- 


Fruit bodies on C. 

sempervirens. 
Lciiaiadl do 

Single-spore culture 
from Libocedrus de- 
currens. 

Single-spore culture 
from Cupressus 
sempervirens 
stricta. 
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tive | tive | tive 
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10 12 71 | Intermediate. 
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12 cases with reaction doubtful. 


The greenhouse series of inoculations was designed to test the 
pathogenicity of Coryneum cardinale and also of the unidentified 
Coryneum from cypress for two conifers common in the eastern United 
States, Juniperus virginiana L. and Thuja occidentalis L. The test 
trees were 3- to 4-foot specimens brought into a cool section of the 
pein while dormant and held there for 2 months before inocu- 
ating. As in the previous series, the slit method was employed ex- 
clusively. Inoculations were placed either on the main stems or on 
large branches. Check slits without the introduction of the organism 
were made on the same trees. 

As may be seen from table 9, positive infection was secured with 
Coryneum cardinale in 26 out of 27 cases on Juniperus virginiana and 
in 49 out of 52 cases on Thuja occidentalis, while all inoculations with 
the unidentified Coryneum species remained negative. Juniperus vir- 
giniana showed the greater susceptibility. Girdling of the inoculated 
stems by the fungus resulted from several of the infections on this 
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species, while all of the lesions produced on Thuja were limited in 
extent. The difference may be noted in figure 10, A and B. 


TABLE 9.—Greenhouse inoculations with Coryneum cardinale and Coryneum sp. on 
Juniperus virginiana and Thuja occidentalis 






































Inoculum Tnoculations 
Origin of Species inocu- Ganee 
, + inoculum lated Total | Posi-| Nes- | Posi- ieeons 
Species ype otal | ‘tive | ative| tive 
Num-| Num-| Num-| Per- 
ber ber ber | cent 
Myce- | Cupressus mac- | Juniperus vir- 17 16 1 94 | Intermedi- 
lium. rocarpa. giniana. ate to ex- 
; tensive. 
--d0_...| Libocedrus decur- |_...- a 6 6 0! 100 Do. 
rens. 
Coryneum cardinale.\{ Spores |... ES SERIE! | SEE! 4 4 0| 100 Do. 
Myce- |....- EET Thuja occiden 14 14 0| 100 | Limited. 
lium. talts. 
Spores -|_._.. — ae 5 4 1 80 Do. 
Myce- | C. macrocarpa__.|_...-. a 36 34 2 a4 Do. 
a d di 9} o| 19 
niienticasad Ee ea a 1 1 0 
Coryneum sp..----- 2 Eee eee ae x virginiana ite 5 0 5 0 
— eee 8 0 8 0 
Controls.........--|---------|--------00---+---- T. occidentalis-..| 12} 0| 12] 0 

















COMPARATIVE SUSCEPTIBILITY 


The record of positive or negative reactions to inoculation with a 
given pathogen provides some indication of the susceptibility of the 
host under test, but is not in itself a sufficient guide for judging the 
relative susceptibility in comparison with other hosts. Additional 
information concerning the reactions, such as the character of the 
lesions produced, their rate of progress, the condition of the host, and 
the environment during the test period, must be taken into account 
in arriving at a reasonably accurate estimate of the comparative 
susceptibility of the different hosts tested. For example, in the tests 
on Thuja occidentalis all but 3 out of 52 inoculations with Coryneum 
cardinale were recorded as positive, and on that basis the susceptibility 
of the species to the fungus might be judged as relatively high. How- 
ever, the lesions progressed slowly and all were limited in extent, as 
previously noted, bringing the comparative rating of the species low 
in the susceptibility scale. While full details of the experiments and 
of the reactions obtained are necessary for a proper evaluation of the 
results secured, many of the details are diverse and do not lend them- 
selves readily to direct expression in tabular form. The investigator, 
however, from his contact with the experiments, is usually able to 
synthesize these details and to form more reliable judgments of relative 
susceptibility than are likely to be obtained from a purely mechanical 
tabulation of records. 

In the list on page 39 an attempt has been made to arrange all of the 
tested host species and varieties in descending order of susceptibility 
to damage by Coryneum cardinale, basing judgments upon the detailed 
inoculation records supplemented by the personal knowledge of the 
investigator. Reactions on Cupressus macrocarpa served as the 
standard for comparison of reactions on other species. 
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Figure 10.—Results of inoculation with Coryneum cardinale. A, On Juniperus 
virginiana; inoculated on internode above small branchlet; the resulting lesion 
has girdled the stem, causing a definite constriction. A healed check inocula- 
tion slit appears on the stem below. 8B, Thuja occidentalis, showing two inocu- 
lations and a check slit below; at the upper site limited killing has occurred on 
both sides of the inoculation slit, while at the middle site callusing has occurred 
on one side, causing the slit to tear at the ends; fruiting bodies of the fungus 
are present on the affected bark. 
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Species: Susceplibility 
aL Ea Pronounced. 
Re eee ee ee Moderately high. 
Se IIIS os ne re civa we eeeneae Do. 
A eee ui cee ae eee Sek Moderate. 

C. SRees RE |, on ss kc cacusuncoasas 0. 
eS OL Sa Do. 

Ce SI oi chuccccnbennieoieké bene Do. 

Ss Ce os oe oe ee eee Do. 

WI IR ino cacnasaoueakucsesedenne Slight. 

(a Se ae eee ee ahateteibis Do. 
CRIINS SRE ni nn nme eewko wane Do. 

TADORIEIEG GOOUIPERG.. 2. «ono sc ccc ccmiucnvunancnans None or very slight. 


An important factor in judging susceptibility from the practical 
standpoint is the ability of the host species to isolate affected areas 
by the formation of wound periderm. Most of the species that 
showed initial ‘susceptibility to the fungus seemed able eventually 
to wall off the diseased tissues. This was true of all species rated as 
moderately or slightly susceptible in the above list and to some 
extent also of Juniperus virginiana. 

Field evidence of susceptibility has not in every case paralleled 
that secured by inoculation experiments. Cupressus arizonica bonita, 
for example, exhibited moderate susceptibility by inoculation, but in 
nature the disease has never been found on the variety even when 
trees were in close contact with heavily diseased Monterey cypresses. 
Roughened and thickened areas with heavy resin exudation are not 
uncommon on the bark of this variety and have been mistaken for 
lesions induced by the disease. They are thought to be of insect 
origin. A species not tested by inoculation but which so far has also 
appeared immune to the disease under field conditions is C. guadalu- 
pensis S. Wats., native to Guadalupe Island, off the coast of Baja 
California. The bark of this species and of C. arizonica bonita is of the 
exfoliating type, a characteristic that may be of significance in connec- 
tion with the field immunity exhibited. 

Inoculations on Libocedrus decurrens were entirely negative, but the 
disease has been found attacking a few of the smaller branches and 
twigs of a planted specimen, indicating that certain individuals of the 
species may be susceptible to a limited extent. Similar differences in 
susceptibility seem to exist in Cupressus sempervirens. On the basis 
of field incidence of the disease the much-used columnar variety of this 
species ranks next to C. macrocarpa in susceptibility, but specimens of a 
horizontal form at Stanford University have remained seme free of 
the disease though interplanted with Monterey cypresses that have 
practically all succumbed. 


POSSIBLE ORIGINS OF THE DISEASE 


In the preliminary account of the disease in 1928 the statement 
was made that it had been present in affected districts for perhaps 
4or5 years. Later evidence has indicated quite positively that estab- 
lishment took place in California at an earlier date, at least as early as 
1915, but has provided no further clue to the origin. Several possi- 
bilities have suggested themselves. One is that Coryneum cardinale 
may exist as a relatively innocuous fungus on some other host in the 
region and that in the expansion of the range of Monterey cypress 
through planting the two have been brought into contact, with subse- 














40 Journal of Agricultural Research Vol. 58, No. 1 








quent spread of the fungus on the more susceptible host. Herbert (22) 
believed that this had occurred with an insect enemy of Montere 
cypress, the cypress bark scale (Ehrhornia cupressi (Erh.)). For C. 
cardinale no such original host has been located, however. Examina- 
tions for presence of the fungus in native groves of Cupressus have 
given consistently negative results and no trace of it has been found in 
stands of other native Cupressaceae such as Libocedrus decurrens, 
Chamaecyparis lawsoniana, Juniperus occidentalis, and J. californica 
Carr. 

Another suggested source is based on the premise that the parasite 
may have arisen as a pathogenic variant from a normally saprophytic 
indigenous strain. Variation of several types is known to occur in 
fungi, even in the asexual stage (8), in which there is no opportunity 
for origin of new forms through hybridization. There is no definite 
assurance that the perfect stage of Coryneum cardinale does not exist 
even though it has not yet been recognized, and thus the possibility 
of origin of a new variant by recombination of hereditary units cannot 
be entirely discounted. It seems questionable, however, whether the 
literature affords a proved case of the origin of a pathogenic strain 
from stable nonpathogenic parent forms in either the sexual or the 
asexual stage. The fundamentally different character of the unnamed 
saprophytic species of Coryneum would seem to eliminate it as a 
possible parent source for Corynewm cardinale. As already stated, 
isolates of the latter fungus from different hosts or locations are not 
entirely uniform and exhibit differences in pathogenicity as well as 
in appearance and rate of growth, but there are much better indica- 
tions that pathogenic capacity has been lost by the strains in which 
it is now weak than that it has been increased in the now more virulent 
strains. Until more positive evidence is available the supposition 
that C. cardinale may have arisen from a form or forms normally 
saprophytic must remain hypothetical. 

A third possibility, and in the light of the history of epidemic tree 
diseases one of the most plausible, is that the fungus has been intro- 
duced from some foreign country for which so far it has not been 
reported. Formerly a considerable number of Cupressaceae, particu- 
larly of dwarf types, were imported into California, and the fungus 
may readily have gained entrance on stock of this sort. The apparent 
centralization of early infections in areas adjacent to San Francisco 
and Los Angeles would appear to be in favor of the theory of intro- 
duction of the patasite. Its occurrence in New Zealand is also sug- 
gestive, though it has been reported there only on exotics from the 
Pacific coast of North America. In the matter of introduction, 
however, as for the other possible means of origin, definite proof or 
even strong supporting evidence is lacking, and it appears that the 
question must rest until further facts become available. 


THE PROBLEM OF CONTROL 


Measures which may be employed against the cypress canker fall 
into two classes: (1) Those applicable to areas where the disease has 
not yet become established or where infections are still few and (2) 
those adapted to districts in which the fungus has already gained a 
firm foothold. 
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All experience with the disease emphasizes the advantages of a 
control program aimed at the prevention of establishment rather than 
attempts to combat the disease after infection has become general. 
To be fully effective such a program must be undertaken on a district 
basis, preferably one delimited, at least partially, by natural barriers 
to disseminating agents or by zones in which no host species occur. 
Among the measures necessary are the exclusion of infected or spore- 
infested planting stock and some system of periodic surveys for the 
detection of primary cankers that may become established through 
natural dissemination. Fortunately such cankers are ordinarily few 
when the disease is in the invasion stage in a district. The rela- 
tively slow rate of early intensification is also favorable to control, 
since a comfortable margin of time is allowed the control agency in 
locating and destroying the infected material. From the psycholog- 
ical side, howeVer, these qualities are disadvantageous. It is char- 
acteristic of the disease that the primary infections in a district attract 
little attention, whereas the presence of a more rapidly acting and 
spectacular parasite would be likely to be noted at once, with conse- 
quent alarm. Observations in connection with the progress of the 
cypress canker in California indicate that by the time the general 
public becomes aware of the presence of the disease the opportune 
period for ready control has passed. A striking example of the ease 
with which scattered early infections by Coryneum cardinale may be 
overlooked, even by qualified observers, is furnished by western 
Monterey County, Calif. On the basis of several general inspections, 
this region was believed to be free from cypress canker up to 1936 
with the exception of three outlying locations where cankers had been 
found and removed. Intensive surveys during 1936 resulted in the 
location of 56 infected trees in the supposedly canker-free territory, 
the infections on some of them of rather long standing. 

The removal of infected material in such areas should be supple- 
mented by the application of an effective fungicide, such as bordeaux 
mixture, to surrounding host trees or parts, with especial attention to 
coverage on the twigs, branches, and trunks. Experience has demon- 
strated that unless a fungicide is used subsequent cankers are very 
likely to develop from viable, lodged spores. Encouragement of the 
removal of diseased trees in districts outside of the one under protec- 
tion should assist in lessening the chances for further introductions, 
particularly by means of natural agencies. 

Possibilities for the protection of plantings in districts in which the 
disease has become well established are less encouraging though not 
entirely hopeless, even when left in the hands of individual property 
owners. The practicability of fungicidal spray programs in the 
protection of susceptible host trees under conditions of surrounding 
heavy infection has yet to be demonstrated. Even if effective, this 
method would be expensive and open to certain objections. Much 
more can be accomplished by community action in the destruction of 
badly diseased trees and in the thorough removal of cankered material 
from specimens still in condition to be saved, supplemented by the 
use of fungicides to kill disseminated spores. Frequent subsequent 
inspections and the removal of any additional cankers found are 
necessary to keep the disease in check. 

Unfamiliarity with the disease, the difficulty in recognizing all 
infected material, the dense character of the crowns in many cypresses, 
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and the disagreeable nature of the exuded resin from diseased parts 
make it hard for the individual owner to undertake proper examina- 
tion and treatment himself. Moreover, with respect to control 
possibilities, much depends on the size and character of the trees to 
be protected and on the disease status in the surrounding neighbor- 
hood, points concerning which the average owner is not always com- 
petent to judge. Success would appear to be much more certain if 
control operations were entrusted to personnel especially trained and 
equipped for the work. 

In the treatment of valuable trees on which trunk cankers have 
become established supplementary methods, such as excision by 
surgery or the use of toxic solutions similar to those developed by 
Day (12) for the treatment of fire blight, may have limited applica- 
tion in experienced hands though results so far have not been 
encouraging. 

For many owners in infected districts the replacement of susceptible 
host trees by resistant or immune species offers the most practical 
solution. it is entirely possible that resistant strains of normally 
susceptible species such as Cupressus macrocarpa may be found. In 
districts where the cypress canker has been prevalent occasional 
trees of Monterey cypress survive, but further testing will be neces- 
sary before they can be accepted as resistant. If resistance is demon- 
strated there will remain the problem of commercial production of 
the strains. According to Camus (11), stock of C. macrocarpa repro- 
duced from cuttings of the current year’s growth is not so vigorous 
nor so long-lived as stock grown from seed. It is also somewhat more 
costly to produce. Among the advantages of Monterey cypress, 
particularly for windbreak planting, are the ease and cheapness with 
which young trees can be grown. These advantages would be les- 
sened if vegetative reproduction were necessary. 

Possibilities for the development of resistant hybrids will remain 
uncertain until more is known concerning hybridization in the genus 
Cupressus. Apparently no experimental crosses under controlled 
conditions have been attempted, and the only natural hybrids re- 
corded are crosses between C. macrocarpa and Chamaecyparis (Cupres- 
sus) nootkatensis reported by Jackson and Dallimore (24) from 
England. According to them, Camus believes that hybrids within 
the genus may be more common than is supposed. If so this would 
offer hope for the future development of races with the inherent 
advantages of the Monterey and Italian cypresses but resistant to 
the canker. 

SUMMARY 


An undescribed fungus disease attacking chiefly Cupressus macro- 
carpa was discovered in 1927 in California, where it had already 
caused considerable damage. It has since become one of the im- 
portant epidemic tree diseases of the region. The disease is char- 
acterized by resinous lesions originating mainly at branch or twig 
junctions, extending in the bark of host trees, and resulting in ultimate 
girdling of the affected part. The black, pustular fruiting bodies of 
the causal fungus appear on the surface of the lesions from 4 to 8 
weeks after the death of the tissues. Trees of any size, age, or con- 
dition may be attacked. A characteristic field symptom is the 
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yellowing and death of individual branches or tops of host trees. 
The dying continues progressively until the entire tree succumbs. 

Principal hosts in California are Cupressus macrocarpa and C. 
sempervirens stricta. Isolated instances of natural infection have 
been found on other species of Cupressus and on Thuja, Juniperus, 
Chamaecyparis, and Libocedrus. The disease extends over about 
two-thirds the length of the State and is also known to occur on North 
Island in New Zealand. Losses in California to date are estimated 
at about 30,000 trees, discouraging further planting of host species 
in many districts. 

The parasite is described as a new species, Coryneum cardinale. 
No perfect stage of the fungus has yet been found. A saprophytic 
Coryneum, not yet specifically identified but with spores very similar 
to those of the parasite, also occurs on Cupressaceae in the region. 
The two fungi are easily separable on other than spore characters. 
Because the first spores are produced in closed cavities in the stromatic 
tissue and the free portions of the sporogenous lining of the cavities 
remain functional after opening, C. cardinale may be considered as 
occupying a position intermediate between the Sphaeropsidales and 
the Melanconiales. 

Coryneum cardinale grows well in culture, forming floccose colonies 
readily distinguished from those of the saprophytic species on cypress. 
The two species show no aversion when grown together. Growth of 
colonies of the fungus at controlled temperatures was greatest at 
26° C. Slight growth occurred at 6° but none at 35°. "Maximum 
increment of the saprophytic species was secured at 18°. Exposure 
of Coryneum cardinale to a period of low temperature showed a slight, 
transitional depressive effect on growth after restoration to favorable 
temperatures. 

Conidia are produced sparingly by Coryneum cardinale in culture, 
and chlamydospores may also be formed. Spore production in nature 
is governed chiefly by humidity. Conidia germinated, with the forma- 
tion of one to three germ tubes, at all temperatures tried between 
10° and 27° C. Field evidence and tests on material stored indoors 
indicate that the conidia are relatively long-lived. 

Tests on wind dissemination of spores by exposing plates or coated 
slides yielded very few spores, but many were washed from infected 
material by rains. Dissemination appears to take place chiefly by 
natural means, though the disease has also been spread on nursery 
stock and locally on pruning tools. The suspected agency of birds and 
insects remains to be proved. 

Field evidence indicates that infection may occur without wounding 
as well as through wounds, but the precise manner of entrance where 
no wound is present has not been determined. Limited success was 
attained in experimental attempts to infect without wounding, but 
the results are not regarded as conclusive. 

No success was attained in differentiating hyphae of the parasite 
in infected tissues by staining methods. In nature, browning of the 
parenchymal tissues occurs for as much as a millimeter ahead of the 
first visible hyphae and resin secretion is greatly stimulated. Produc- 
tion of wound periderm to wall off the parasite is rare in young Mon- 
terey cypresses but common in older trees. 
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The rate of extension of cankers is not uniform. Measured cankers 
increased in length at the average rate of about 10cm per year under cool 
coast conditions and at approximately 20 cm per year at a location 
farther inland. Canker development appeared to be retarded by im- 
peded sap conduction in the host or by the application of a resin 
coating to the surface of cankered bark. 

Results of inoculation tests with Coryneum cardinale indicated pro- 
nounced susceptibility for Cupressus macrocarpa; moderately high 
susceptibility for Cupressus sempervirens indica and Juniperus virgin- 
iana; while Cu pa lusitanica, C. arizonica and C. macnabiana were 
less susceptible. ja occidentalis, Juniperus occidentalis, Crypto- 
meria japonica, and kes decurrens exhibited little or no suscepti- 
bility. Inoculation results do not in all cases appear to be safe guides 
to susceptibility of hosts under field conditions. 

Evidence points to establishment of the disease’ in California as 
early as 1915. It has not been shown to be native, and there is little 
likelihood that it arose by variation from a saprophytic form. Proof 
of foreign origin is also lacking. 

Prevention of establishment of the disease in new localities is the 
most promising means of control. Resistant strains of generally 
susceptible hosts such as Cupressus macrocarpa may be found in the 
future. Little is known concerning hybridization in the genus Cu- 
pressus or of the possibilities of developing resistant hybrids by this 
means. 
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RELATION OF SOIL MOISTURE TO FUSARIUM WILT OF 
COTTON ! 

By W. H. Tarp, associate physiologist, Division of Cotton and Other Fiber Crops 

and Diseases, Bureau of Plant Industry, United States Depariment of Agriculture, 

and V. H. Youna, plant pathologist, Arkansas Agricultural Experiment Station ? 


INTRODUCTION 


The wilt disease of cotton (Gossypium), caused by Fusarium vasin- 


fectum Atk., has been found to be markedly affected by certain phases 


of the environment. While the temperature relations of the disease 
have received considerable attention from various workers—Neal (10), 
Young (14, 15), Kulkarni (8), Fikry (4), and others—few investigators 
have reported on the relation of soil-moisture content to the disease. 
Lewis (9) noted that the wilt disease of cotton is favored by wet 
seasons, and Gilbert (5) stated that the disease is more severe in wet 
seasons. Fahmy (3) and Fikry (4) studied the effect of moisture on 
the cotton wilt disease in Egypt, and both found that relatively high 
percentages of soil moisture are correlated with increased incidence 
of the disease. Kulkarni (8), working with the wilt disease of cotton 
in India, reported that soil moisture is not an important controlling 
factor in the prevalence of the disease. Ambegaokar and Wad (/, 
p. 510), also working on the disease in India, found that the moisture 
content around wilted plants was higher than around healthy plants. 
Large * in Arkansas made preliminary studies, using controlled soil 
moistures and in part controlled soil temperatures. His data show 
a lack of agreement between experiments, indicating the presence of 
uncontrolled factors and the need for further investigation of the 
problem. 

The investigations reported in this paper have been directed toward 
a determination of the influence of relative soil moisture on the inci- 
dence and severity of the fusarium wilt disease of cotton. Special 
attention has been given to a study of the effect of relative soil 
moisture at constant soil temperatures. 


METHODS AND MATERIALS 


The soil used for the experiments reported herein was obtained from 
a field near La Grange, Ark. A susceptible variety of cotton (Harper 
Mebane) had become nearly 100-percent wilted on this field in the 
summer of 1936. Observations in both 1936 and 1937 showed that 


! Received for publication August 9, 1938. Cooperative investigations between the Division of Cotton 
and Other Fiber Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, and the 
4 Agricultural Experiment Station. Research paper No. 624, Journal Series, University of 
Arkansas. 

2 The writers acknowledge the assistance of Dr. L. C. Kapp and Dr. O. R. Younge, assistant agronomists , 
Arkansas Agricultural Experiment Station, in making the chemical analyses of the soil used in these 
investigations. 

3 Italic numbers in parentheses refer to Literature Cited, p. 61. 

4 LARGE, JOHN RUNYAN. THE RELATION OF ENVIRONMENT TO THE DEVELOPMENT OF DISEASE IN COTTON 
WITH ESPECIAL REFERENCE TO THE RELATION OF SOIL MOISTURE TO THE DEVELOPMENT OF THE FUSARIUM 
WILT OF COTTON. Thesis submitted in partial fulfillment of the requirements for the degree of master of 
science, University of Arkansas. June 1928. |Unpublished.] 
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“rust,’’ or potash hunger, was extremely prevalent in this field, but 
no evidence was obtained of infestation by the root knot nematode 
Heterodera marioni (Cornu) Goodey. Ana yses of the soil showed it 
to be a silt loam very high in available nitrogen, high in available 
phosphate, and very low in available potash, with a pH value of 6.52. 
Thewater-holding capacity of the soil was 37.7 percent of the oven- 
dry weight and was determined as follows: The standard brass cylin- 
ders, with filter paper over the perforations, were filled with air-dry 
pulv erized soil and allowed to absorb water through the filter paper 
until the soil was saturated. Excess moisture was drained for 20 
minutes; then the wet weights were recorded. After the soil had come 
to constant weight at 100° C., the samples were again weighed and 
the water-holding capacity was calculated as moisture lost by com- 
paring the wet weight with the oven-dry weight of the soil. The 
amount of water contained in the soil will be referred to either as 
“percentage of water-holding capacity of the soil’ or as “percentage 
of soil saturation.” 

The inoculum used in all experiments was prepared by growing the 
fungus for 3 weeks at laboratory temperature on a medium composed 
of wheat bran and 2 percent of sucrose (by volume). The aaaie 
used in experiments 3 and 4 were mixed, being equal parts of 2-, 3-, 
and 4-week growths of the fungus on the bran mixture. The same 
isolation of the fungus was used throughout the tests. It was orig- 
inally isolated in 1935 from wilted cotton in a wilt-infested field at 
Ozark, Ark., and was reisolated in August 1936 from cotton that had 
wilted in sterilized and reinoculated soil in the greenhouse benches. 
No attempt was made to obtain monosporidial cultures for these tests. 

The soil containers used for the first three experiments were 3-gallon 
glazed earthenware jars. In the fourth experiment the plants were 
grown in the 3}-gallon soil cans used with the Wisconsin type § soil- 
temperature control equipment. An attempt was made in the first 
experiment to allow aeration of the soil held at all moisture levels 
other than at saturation. This equipment (fig. 1) was not used in 
subsequent tests, because of difficulties encountered in accurately 
maintaining high moisture content. 

In all experiments the soil containers were equipped with glass 
tubes, three-quarters of an inch in diameter, having the obliquely cut 
lower end thrust through an inverted 3-inch clay pot and the upper 
end extending about 3 inches above the top of the container. All 
water added after the seed had sprouted was introduced through these 
tubes. These containers, with the irrigation tubes in place, were 
brought to equal weights with washed coarse gravel (additions of 
washed sand were used for equalizing weights in experiment 1). 

In all tests inoculum was mixed with the soil at the rate of 5 percent 
(by volume), and all soil and inoculum for any one experiment was 
mixed at one time to insure uniformity. Thorough distribution of the 
inoculum in the soil was accomplished by repeated shoveling back 
and forth on a sterilized concrete floor or in a sterilized greenhouse 
bench. The previously balanced containers were filled with equal 
quantities of soil or soil-inoculum mixture (by weight), and samples 
for moisture-content determinations were removed many times during 
the filling of the containers. 


* A description of the operation of the temperature tanks at the Arkansas Agricultural Experiment 
Station was given in a previous paper (15). 
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Moisture levels were maintained by bringing the containers up to 
weights calculated for each desired level. In the first experiment, the 
containers were brought up to weight each second day and records of 
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> Figure 1.—Glazed earthenware jar equipped to facilitate subirrigation and still 


allow for soil aeration. The 8-inch clay saucer (a), filled with sand, is placed 
directly over the drainage hole (6) of the jar. The %4-inch glass tube (c), with 
obliquely cut lower end, is sealed into the 3-inch clay pot (d) with hard sealing 
wax (e). Sand is added to bring jars to equal weights before adding equal 
weights of soil. 


water loss were calculated on a daily loss basis. For subsequent ex- 
periments, the weight of the daily water loss was added to the jars 
at each level in excess of the calculated weights. Then, when brought 
124370—39—4 
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to these augmented weights each second day, the fluctuations would 
be from the amount of daily loss over weight to the same amount 
under weight. The average, or mean, moisture level would then fall 
rather accurately at the point desired. Further adjustments were 
made to allow for added weight occasioned by plant growth, and later 
deductions were made for removal of wilted plants. 

Insulation of the soil to prevent rapid loss of water by surface 
evaporation was employed only in the third experiment. 

The air temperature of the greenhouse during these experiments 
was controlled only by hand manipulation of the steam valves and 
the ventilators. The resultant fluctuations in temperature were at 
times large, especially from one experiment to the next. The air- 
temperature records are, therefore, shown with each representation 
of experimental data in order to give a better basis for comparing 
experiments performed on different dates. 

Disease was recorded twice weekly for the duration of each experi- 
ment. In some experiments damping-off and seedling blight seriously 
hampered identification of fusarium wilt prior to the twenty-first day 
after planting. Any plants succumbing before that time were plated 
on Bacto potato-dextrose agar for cultural identification. After the 
twenty-first day it was rather easy to identify the disease from visible 
symptoms and the typical pens Mer A meme of the stele. Plants were 
removed, examined, and recorded as soon as they exhibited advanced 
wilt symptoms. 

The disease data obtained in the four experiments have been ex- 
pressed in terms of wilt and total infection. Only plants that developed 
visible symptoms were designated as ‘‘wilted.’”’ Plants having the 
characteristic internal discoloration with no visible symptoms were 
designated as “‘infected.”’ Figures of total infection include both wilted 
and infected plants. It was necessary to cut into each plant in 
order to determine the number merely infected. Thus infection 
data were obtained only at the termination of each experiment. 


EXPERIMENTAL PROCEDURE AND RESULTS 


EXPERIMENT 1 


Sixty-four jars, equipped for aeration and subirrigation of the soil, 
were filled with equal weights of soil that had been inoculated but 
not pasteurized. One-half of these jars were planted to the wilt- 
susceptible Harper Mebane cotton (15 seeds per jar), and the other 32 
jars were seeded at the same rate with the resistant Rhyne Cook 
variety. One-half liter of tap water was poured on the surface of 
the soil to insure sprouting of the seed and an additional liter was 
poured down the irrigation tube of each jar. 

On the eighth day after planting, four jars each of Harper Mebane 
and of Rhyne Cook were adjusted to each of the following moisture 
levels: 20, 30, 40, 50, 60, 70, 85, and 100 percent of soil saturation. 
At that time the plants were thinned so that there were not more 
than eight plants in any one jar. Seedling diseases materially re- 
duced the stand in this nonpasteurized soil, especially at the higher 
moisture levels. This complication made it necessary to discard 
any data relative to fusarium wilt until the twenty-first day after 


* The term “pasteurized” is used to indicate the process of disinfesting without completely sterilizing 
the soil, by means of moderate heat (7, 12). 
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planting. 
data are 


51 


Disease records were taken twice weekly and the tabulated 
expressed as averages for each four jars at each moisture 


level, showing the weekly development from 32 days to 50 days 


(termination of the experiment). 


given in table 1 and figure 2. 











All data for this experiment are 
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FIGURE 2. 


Relation of soil moisture to fusarium wilt of cotton in a susceptible 


and a resistant variety grown on soil inoculated without being pasteurized, show- 
ing percentage of wilt and total percentage of infection within 50 days: A, 
Harper Mebane (susceptible); B, Rhyne Cook (resistant); C, daily mean air 


temperature of greenhouse 


TABLE 1. 


average for the 50 days, 84.34° F. 


Effect of soil-moisture content on fusarium wilt in two varieties of cotton 


grown on soil inoculated without pasteurization 


{Average daily mean air temperature of greenhouse from Nov. 19, 1936, to Jan. 7, 1937, 84.34° F.] 


Soil-moisture 
content (per- 


HARPER MEBANE 


Plants showing visible symptoms of wilt in— 


Plants show- 
ing visible 
symptoms 
and those 





centage of Plants having 
water-holding | tested character- 
capacity of 32 days 39 days 46 days 50 days istic inter- 
soil) nal discolor- 
ation in 
56 days 
Num- | Num- Per- Num- Per- Num- Per Num-| Per- Num- | Per- 
ber ber cent ber cent ber | cent | ber cent ber | cent 
20 20 0 0. 05 1 | 5. 00 1 5. 00 1 | 5. 00 2 | 10. 00 
30 14 1 7.14 2 14. 28 4 28. 57 | 4 28. 57 4 | 28. 57 
40 19 2 10. 52 2 10. 52 5 26. 31 5 10 52. 63 
50 16 l 6. 25 1 6. 25 7 | 43.75 12 | . ( 15 93.75 
60 15 0 .00 1 6. 66 7 | 46.66 ll 3. 12 | 80. 00 
70- 21 2 9. 52 3 14. 28 14 | 66.66 16 | 76 19 | 90. 47 
85... 16 2 12.0 3 18. 75 9 | 56.25 12 75. 00 16 | 100.00 
100 13 0 00 1| 7.69 61 46.15 7/1 53.84 9! 69.23 
RHYNE COOK 
20- 19 1 5. 26 1] 5.26 | 2| 10.52 | 2} 10.52 | 6| 31.57 
0.. 19 1 5. 26 1 | 5. 26 | 1 5. 26 | 1 5. 26 | 4 21.05 
40_. 2 1 5.00 1 | 5.00 | 1 | 5. 00 1 5.00 1 5.00 
50. 20 1 5. 00 1 | 5.00 | 2/| 10.00 2 10. 00 | 9 | 45. 00 
60 19 ! 5. 26 1 5. 26 | 1] 5.26 2| 10.52| 10| 52.63 
en 16 0 00 0 00 | 0 | . 00 0 00 7 43.75 
85_. 19 0 00 0 .00 1 | 5. 26 3 15. 79 9 47. 36 
100. 18 1 5. 55 3| 16.66 | 31 16.66 31 16.46] 10! 55.55 
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The results of experiment 1 indicate that the higher soil moistures 
induce a high incidence of disease. In the susceptible Harper Mebane 
variety, the disease appeared most rapidly and was most severe 
between 50 and 85 percent of the water-holding capacity of the soil. 
It increased with rise in moisture level from 20 percent to the optimum, 
and then decreased markedly in the jars held at saturation. While 
the optimum for wilted plants is shown to be a rather broad range 
of be moistures (50 to 85 percent), the optimum for infection was 
more definitely indicated at 85 percent of soil saturation. The 
amount of wilt obtained in the resistant variety was too low to indicate 
any correlation of disease with moisture level, but there was sufficient 
total infection to show an irregular increase in percentage of plants 
infected with increase in soil moisture from 20 percent to saturation. 


EXPERIMENT 2 


The same soil that had been used for experiment 1 was thoroughly 
mixed and then stirred three times during the course of 2 weeks to 
facilitate aeration of the wetter portions of the soil; then sufficient 
noninoculated soil was added to make enough to fill 72 of the 3-gallon 
jars. The total was heated to 83° C. in an electric pasteurizer’ (7, 
12) and again thoroughly mixed. This second mixing was necessary 
because the pasteurizer would not hold all the soil needed for the 
experiment at one time. 

Sixteen of the equally balanced jars were filled with noninoculated 
soil, and the remainder were filled with soil that had been mixed 
with 5 percent (by volume) of the bran inoculum. All 72 jars were 
planted (20 seeds each) to the susceptible Harper Mebane variety 
and then watered prior to bein sete adjustment, as described 
for experiment 1. Adjustment of weights was made on the eighth 
day so as to maintain six inoculated and two noninoculated jars at 
each of the following moisture levels: 20, 30, 40, 50, 60, 70, 80, 90, and 
100 percent of soil saturation. 

Disease was again recorded twice weekly. In the pasteurized soil 
there was little evidence of either seedling blight or damping-off 
injury to complicate early disease readings. Table 2 gives the data 
showing weekly development of disease from 28 to 56 days following 
planting. 

The results of experiment 2 (table 2) indicate a more definite 
optimum moisture for disease than was shown in experiment 1, the 
highest percentage of wilt and of total infection occurring at 80 per- 
cent of soil saturation. In the previous experiment the highest total 
infection had resulted at the 85-percent moisture level, but there had 
been no such sharp optimum for the percentage actually wilted within 
the same time. An optimum soil«moisture level for disease at 80 to 
90 percent of the water-holding capacity of the soil is indicated in 
experiment 2 as early as the twenty-eighth day (table 2) and is main- 
tained throughout the remainder of the experiment. 

The check (noninoculated) plants at each moisture level showed 
less rapid growth than the plants in the inoculated soil. This was 
undoubtedly due to the high nitrogen content of the introduced 
bran inoculum. In the noninoculated soil only a single plant in each 


? The pasteurizer, having a capacity of one-half yard, was made according to the directions supplied by 
the General Electric Co., from which the heating units were purchased. 























jan. 1, 1988 Relation of Soil Moisture to Fusarium Wilt of Cotton 53 





of 4 out of the 18 jars became infected and none became wilted. 
This infection was sufficiently low to indicate a contamination during 
handling rather than incomplete pasteurization of the soil and there- 
fore ty —— have no bearing on the results obtained in the inocu- 
lated soil. 


TABLE 2.—Effect of soil-moisture content on fusarium wilt of Harper Mebane 
cotton grown on soil pasteurized and then reinoculated 


[Average daily mean temperature of greenhouse from Jan. 18 to Mar. 17, 1937, 83.92° F.] 





Plants showing visible symptoms of wilt in— 
































Plants show- 
Soil-mois- ing visible 
ture con- symptoms 
tent (per- and those 
centage of | Plants showing 
water- tested character- 
holding 28 days 35 days 42 days 49 days 56 days ! istic inter- 
capacity nal discolor- 
of soil) ation in 
| 56 days 
—— —— —— —_—_—— $$$ | ————  ——_______ — 
Num- | Nu ol Per- | Num- | Per- |Num-| Per- |Num-| Per- | Nu m-| Per- |Num-| Per- 
ber ber cent ber cent ber cent ber cent ber cent ber cent 
37 0 0. 00 5 | 13.51 7 | 18.91 7 | 18.91 10 | 27.00 16 43. 24 
43 0 . 00 2 4. 65 2 4. 65 3 6. 97 8 | 18.60 12 27. 90 
45 1 2. 23 § | 11.11 11 | 24.44 12 | 26. 66 16 | 35. 55 21 46. 66 
46 2 4.34 3 6. 52 8 | 17.39 8 | 17.39 11 | 23.91 26 56. 52 
31 1} 3.22 2 6.45 4] 12.90 6 | 19.35 11 | 35.48 19 61. 29 
39 2; 5.13 4} 10.25 6 | 15.39 9 | 23.07 15 | 38.46 22 56. 41 
48 10 | 20.83 18 | 37.50 31 | 64.58 33 | 68.75 35 | 72.91 43 89. 58 
48 13 | 27.08 19 | 39. 58 28 | 58.33 30 | 62. 50 30 | 62. 50 40 83. 33 
39 0 -00 1 2. 56 3 7. 69 3 7. 69 5 | 12.82 14 35. 89 























1 None of the check plants became wilted within 56 days. 
EXPERIMENT 3 


The same soil that had been used for the two previous experiments 
was again used but not again pasteurized. Inoculum was added at 
the same rate as before, and 72 jars, equipped for subirrigation as in 
experiment 2, were filled with equal weights of inoculated soil. All 
were planted’ to Harper Mebane cotton, and were watered prior to 
moisture-level adjustment as in the previous tests. As soon as 
emergence was complete, 1 inch of ground cork was put on the soil 
surface in each jar to insulate against water loss by evaporation. 
Thirty-six of the jars were adjusted on the eighth day to contain 80 
percent of soil saturation, and the other 36 were adjusted so as to 
have 4 each at the following 9 levels: 20, 30, 40, 50, 60, 70, 80, 90, and 
100 percent of saturation. The 36 jars ‘at 80 percent were readjusted 
at the end of 21 days so as to have 4 jars at each of the 9 moisture 
levels. It took 13 days for one lot of four j jars to readjust to 20 per- 
cent of saturation and different periods, ranging from 11 to 2 days, 
for the other lots to readjust to the other lev A from 30 to 70 percent 
of saturation, respectively. 

At the termination of the experiment, the pH value of the soil was 
measured in those jars that had been held constantly at the different 
moisture levels after the eighth day. The samples tested were taken 
from a 6-inch depth at the center of each jar. The pH values, ex- 
pressed as averages for the four jars at each moisture level, are shown 
with the other data of the experiment in table 3 and figure 3. 
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‘1aGuRE 3.—Relation of soil moisture to fusarium wilt of Harper Mebane cotton 
grown on soil inoculated without pasteurization, showing percentage of wilt, 
total percentage of infection, and (for A) resultant change in soil reaction, 
within 56 days: A, Moisture levels held constant; B, moisture levels changed 
on twenty-first day from 80 percent to various levels ranging from 20 to 100 
percent of saturation; C, daily mean air temperature of greenhouse—average 


72 90 


for the 56 days, 78.2° F. 











TABLE 3. 


Effect of soil-moisture content on fusarium wilt of Harper Mebane cotton 


grown on soil reinoculated without pasteurization 


{Average daily mean temperature of greenhouse from Apr. 7 to June 2, 1937, 78.20° F.] 
MOISTURE LEVELS HELD CONSTANT 


eh 


| 
Soil-moisture con- 





tent (percentage | Plants | 
of water-holding | tested | 
capacity of soil) 28 days 42 day 
| | 
| 
! 
| 
Num- | Num- Per- Num- 
ber ber cent | ber | 
.... | 37 1 2.70 | 2) 
30 | 40 j 2. 50 l 
40 39 1 2.56 4 | 
5 35 | 2 5.71 7 
60 40 3 7.50 5 
70 : 40 1 2. 50 5 
80 39 l 2. 56 | 4 
90 “ 40 1 2. 50 | 5 
1 2. 63 1 


100 e 38 


MOISTURE LEVELS CHANGED 


From 80 to 


sn 39 
2.... 39 
= - 40 
50 40 
60_. | 40 
_ ee 39 
80 36 
90 ‘ 40 
100 ot | 40 


! Original pH value of soil, 6.52. 
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o 
te 
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Plants showing visible symptoms of wilt in 


3 56 days 


Per- Num- Per- 

cent | ber cent 

5.40 2 5.40 
2. 50 7 | 17.50 
10, 25 13 | 33.33 
20. 00 14 40. 00 
12. 30 10 25. 00 
12. 50 | 14 35. 00 
10. 25 | 17 | 43.58 
12. 50 14 35. 00 
2. 63 1| 2.63 





ON T WE N TY- FI RS 


10. 25 4 10. 25 
10. 25 6 | 15.38 
12. 50 10 | 25.00 
10. 00 6 15. 00 
17. 50 | 14 | 35.00 
12. 82 9 23. 07 
19. 44 16, 44.44 
10. 00 ll 27. 50 


Plants showing 





visible symp- pH 
; toms and those baw 
| having charac- se a 
| teristic internal | ® [56 
| discoloration in | 0)? 
56 days | days 
| =a 
} | 
Num- Per 
ber cent | 
2 5. 40 5. 64 
21 52. 50 5. 87 
27 | 69.23 | 5.87 
22 62.85 5. 84 
21. 52. 530 6.07 
24 60. 00 6.13 
| 30 76. 92 6.09 
31 | 77.9 6. 57 
16 | 42.10 | 7.09 
T DAY 
8 | 20.51 _ 


| 

| A 

| 14} 35.00 |_- 

| 2¢ 65. 00 

| 19 48. 71 
28 + | 
26 | 65.00 |...... 
11 | 27. 50 |..-- ' 
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In experiment 3, the total amount of disease was less and the rate 
of experimen was slower than in previous experiments with the 
same variety. Despite this lower incidence of wilt, the correlation 
of disease with moisture level followed that shown in the previous 
experiments although it was more irregular and was different in 
magnitude. The results for the group of jars in which the moisture 
was held at different levels throughout the experiment and for those 
in which the moisture was changed to different levels after being held 
at 80 percent for 21 days showed little difference in amount of disease 
or in correlation of disease with relative moisture content. This 
would seem to indicate that the relative soil-moisture level during the 
first 3 weeks has little influence on the ultimate expression of the 
disease. It must be remembered, however, that the average air 
temperature during this experiment was but 78.2° F.—well below 
the reported optimum. _ It is quite possible that this low temperature 
may have so retarded the disease incubation that early variations in 
soil-moisture content were entirely without influence on later develop- 
ments of the disease. 

The readjustment of the pH value of the soil at the different 
moisture levels shows final values to be in nearly direct positive 
correlation with percentage saturation of the soil. This final pH 
value exhibits essentially the same correlation with disease intensity 
as does the relative moisture content of the soil. 


EXPERIMENT 4 


The thermostatic controls of the Wisconsin-type soil-temperature 
tanks permitted maintaining temperatures with daily fluctuations not 
in excess of +1° C. (On one occasion the electricity was off for 18 
hours, and during this time the tanks all came to the air temperature 
of the greenhouse.) The preparation of the soil-inoculum mixture and 
the filling, watering, and adjustment of the soil containers to weight 
was accomplished as described for experiment 2. Previously nonpas- 
teurized and noninoculated soil was used in experiment 4. Eight tanks, 
holding eight soil cans each, were available for the study. Using units 
of three inoculated cans and one noninoculated can at each of the eight 
moisture levels allowed for carrying only two temperature variations 
at one time. It was thus necessary to carry the experiment in two 
parts. Soil temperatures of 23° and 26° C. were used for the first 
part of the experiment and 29° and 32° for the second part. The 
moisture levels employed for both parts of the experiment were 
20, 35, 50, 60, 70, 80, 90, and 100 percent of soil saturation. 

Adjustment to the moisture levels was started on the eighth day 
and was continued as described for experiment 2. The steam-heat 
pipes were unfortunately adjacent to the cans held at the 20- and 35- 
percent moisture levels adjusted to 26° C. The excessive heat caused 
a physiological wilting and early death of the seedlings at these low 
moistures and precluded obtaining disease results for this portion of 
the experiment. This condition was corrected before the second 
part of the experiment was begun. 

At the conclusion of the second part of the experiment, the plants 
in the noninoculated soil were cut off at the soil line and the average 
green weight of the tops was recorded. After all the plants had 
been removed from the inoculated soil the pH value of the soil from 
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each container was determined on samples taken from a 6-inch depth. 
The plant weights, pH averages, and disease data obtained in this 
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experiment are shown in tables 4 to 6 and in figure 4. 
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Figure 4. 


B, 26°; D, 29°; E, 32°) to fusarium wilt of Harper Mebane cotton grown on 
soil pasteurized and reinoculated, showing percentage of wilt, relative growth of 
Daily mean air 
age, 83.028° 
F, Daily mean air temperature of greenhouse from April 9 to May 27, 
average, 77.89° F. 


plant tops, and change in soil reaction within 49 days. 
temperature of greenhouse from February 14 to April 4, 1937; aver, 


1937; 





C, 


Relation of soil moisture at constant soil temperatures (A, 23° C.; 
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‘TaBLE 4.— Effect of soil-moisture content on fusarium wilt of Harper Mebane colton 
at consiant soil temperatures 


FEBRUARY 13 TO APRIL 4, 1937! 




































































Plants showing visible symptoms of wilt in— Plants 
See KI eas Ss 
visible 
Soil-moisture content | go pom ey 
(percentage of water | + omper-| Plants having 
holding capacity of ature 7 characte 
soil) - 21 days | 28 days | 35 days | 42 days | 49 days | 52 days istic ~a 
ternal dis- 
coloration 
in 52 days 
Num- Per- Per- Per- Per- Per- Per- 
Bea ber cert cent cent cent cent cent Percent 
| 21 4. 76 4.76 4.76 4. 76 4.76 9. 52 23. 80 
23 .00 4.16 16. 66 16. 66 16. 66 16. 66 25. 00 
24 .00 4.16 8. 33 16. 66 25. 00 29. 16 50.00 
23 21 4. 76 14. 28 23. 80 28. 09 28. 09 28. 09 80. 95 
7 24 . 00 4.16 4.16 24. 50 25. 00 25. 00 7. 50 
21 9. 09 9. 09 22. 72 48. 00 50. 00 50. 00 81.81 
20 . 00 . 00 19. 04 19. 04 23. 80 28. 57 38. 09 
22 .00 .00 00 4. 54 18. 18 18. 18 31.81 
24 4. 76 gg ee PS SS AS eS Se ee 
5 ee. ORS Sa Ses Ee Sie 
| 24 .00 4.16 4.16 8.33 8. 33 8. 33 12. 50 
26 | 22 4. 50 18.18 18.18 18.18 22. 72 27. 27 40. 90 
_ 24 4. 76 12. 50 16. 66 37. 5 54. 16 66. 66 87. 50 
24 4.76 16. 66 25. 00 37. 50 66. 66 79. 16 91. 67 
20 00 19.04 33. 33 42. 85 57.14 66. 66 71. 52 
24 00 8. 33 8. 33 12. 50 16. 66 16. 66 16. 66 
APRIL 9 TO MAY 27, 19374 
7.40 14.81 | 18. 51 
10. 71 10.71 21. 42 
3. 57 14. 28 17. 85 
29 37. 03 44.44 55. 55 
saat 25. 89 44.44 70. 38 
| 39. 28 64. 28 92. 85 
| 44.44 74. 07 92. 58 
69.23 | 73.07 96. 15 
25.00 | 28.00 32. 00 
| 20.00 20.00 24. 00 
23.07 | 30.76 46. 15 
32 | 3.84 | 15.38 26. 92 
i 16.00 20. 00 48. 00 
60. 00 84. 00 100. 00 
oa 70. $3 95. 83 100. 00 
| | | 73 | 26.08 | 30. 45 47. 82 
1 Average air temperature 83.028° F. 411 killed by heat from steam pipes. 
2 All but 1 killed by heat from steam pipes. 4 Average air temperature 77.89° F. 


TaBLe 5.—pH values of the inoculated sotl after being held at various moisture 
levels for 49 days (experiment 4, part 2) 




















Soil-moisture con- | Soil Can No.!— Soil Can No.!— 
tent (percentage | tem- awl l,l 
of water-holding | pera- | age pera- age 
capacity of soil) ture 1 | 2 | 3 ture 1 2 3 
| 
°¢ pH pH | pH pH *e. pH pH pH pH 
6. 33 6.01 6. 50 6. 28 6. 29 6.19 5. 80 6.09 
6.45| 5.92| 631| 622 6.36 | 6.27| 6.39 6. 34 
6. 58 5.74 6. 22 6.18 || 6.43 6.19 5. 87 6.16 
29 6. 38 6.27 6.03 6. 21 32 6. 28 6.12 6.74 6. 38 
7 6.35 7.02 5.93 6. 54 5. 88 6.10 7.37 6.45 
|; 6.68!) 7.46 6.40 6.84 6. 28 7.81 7.77 7.28 
| 7.92| 7.56] 7.78| 7.75 7.30| 7.13] 7.18| 7.27 
7. 43 | 7. 46 7. 66 7. 51 7.97 7. 53 7. 57 7. 69 


























1 pH value of soil at start, 6.52. 
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TABLE 6.—Relative growth of noninoculated tops as influenced by soil-moisture 
levels at 29° and 32° C. (experiment 4, part 2) 





| 
Soil-moisture con- 


| 


| 
| 


7 
soil | Soil | 








36.0 | 5. 142 


tent (percentage q . | Total | Average : . | Total | Average 
of water-holding = Plants weight | weight — Plants weight weight 
capacity of soil) | | 
| | ps re me. 
°C. Number | Grams | Grams | °C. Number | Grams Grams 
20 9 | 36.5 4. 056 | | y 39.5 4. 388 
_. 9| 110.2| 12.244 | 5| 75.1 15,020 
50 eal 9 101.5 | 11.277 | | 10 141.5 | 14. 150 
@ 29 YW 139. 2 | 15. 466 | 32 | 9 | 125. 1 13. 900 
70 a 4 so s 110.3 | 13. 787 | 9 93.0 | 10. 333 
wi) ‘ | 8 | 128.0 16. 000 | 8 113.0 | 14. 125 
w Boe . 99.0 | 12.375 | . 96.0 | 12. 000 
100. 7 | 8 53.0 6. 625 
| | 


DISCUSSION AND CONCLUSIONS 


Previously reported studies concerned with the effect of soil moisture 
on the severity of fusarium wilt diseases have demonstrated correla- 
tions in almost all cases. Goss (6), working with fusarium wilt of 
potato, found that constant low soil moistures are unfavorable for the 
development of the disease. He says (6, p. 67): 

However, when the soil moisture content was varied it was found that the 
disease developed best when plants were started at a low soil moisture content, 
changed to high soil moistures during the critical period in the life of the plant, 
and later lowered to the original low soil moisture content. 

Clayton (2) found that tomatoes growing in wilt-infested soil 
would become 75- to 100-percent diseased at soil-moisture contents 
ranging from 45 to 94 percent of saturation when the water-holding 
capacity of the soil equaled 35 percent of the dry weight. By altering 
both the soil temperature and the soil moisture in the same experi- 
ments, he noted a significant influence on the disease of each in rela- 
tion to the other. Tisdale (1/3) found that relatively low soil moistures 
induced an increase in the yellows disease of cabbage, the optimum 
for the disease being approximately 32 percent of saturation. Nelson, 
Coons, and Cochran (11) reported that soils maintained at 50. percent 
of the water-holding capacity were less favorable to the fusarium 
yellows disease of celery than soils maintained at 75 percent. The 
muck soils used by these investigators had a saturation capacity of 
well over 100 percent of dry weight. 

Fahmy (3) watered cotton growing in infected soil at different 
intervals and found that the disease developed more rapidly when 
the pots were watered daily than when they were watered every fifth 
or every tenth day. This would indicate a correlation_.of disease 
with high soil-moisture content. Fikry (4) studied the effect of soil 
moisture on the disease in Egypt, using two soils, one of 67.02 per- 
cent and the other of 76.7 percent water-holding capacity. In both 
soils he found that optimum moisture was 60 percent of soil satura- 
tion when plants were held at 21° to 24° C. When this temperature 
was raised to 27° to 30° the optimum broadened out to include 50 to 
70 percent of saturation. The experiments lasted only 2 weeks and 
in that time up to 100 percent infection was recorded. This reaction 
is very different from any yet obtained by investigators of 
American fusarium wilt of cotton. Kulkarni (8) working in India, 
found some indication of a correlation between the disease and 
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moisture, but his more extensive wate induced him to conclude 
that there was no significant correlation of disease incidence with 
soil-moisture content. His experiments, like those of Fikry (4), were 
terminated within 2 and 3 weeks and in some tests 100 percent in- 
fection was recorded for the 2-week periods. 

The results reported by Fahmy (3), Fikry (4), Ambegaokar and 
Wad (1), and Kulkarni (8) show considerable lack of agreement. 
The general correlations that Fahmy demonstrated by producing 
increase in wilt with more frequent watering seem analogous to the 
results reported here. The fact that the moisture was found to be 
higher around wilted plants than around healthy plants growing in 
the same field (/) is not in disagreement with the results of the writers. 
However, this effect might have been due entirely to a greater water 
utilization by the more actively transpiring healthy plants. It is 
noted that Fikry was also able to obtain a correlation of disease 
severity with relatively high soil-moisture content, but his reported 
optimum is lower than that obtained by the writers and his reported 
optimum temperature for disease is also slightly lower. Kulkarni (8) 
concluded that soil moisture was not influential in controlling wilt. 
Both the Indian workers and the Egyptian workers used soils that 
had a much higher water-holding capacity than the soils used by the 
writers. The Egyptians have a parasite so different from Fusarium 
vasinfectum that it has been considered a separate variety, and when 
Fikry (4) conducted his moisture studies he used an entirely different 
species (/. orthoceras). It would, then, seem rather difficult to make 
accurate comparisons of the results presented here with those of 
any of these four investigators, especially since it is highly probable 
that each of these workers has been investigating a fusarium wilt 
disease of cotton quite different from the one known in North America. 

The results obtained from each of the four experiments here re- 
ported agree in general with each of the others relative to the influ- 
ence of the soil-moisture content on the development of fusarium wilt 
of cotton in a susceptible variety under greenhouse conditions. The 
data for each experiment show a positive but irregular correlation of 
disease incidence in the susceptible variety with increase in soil- 
moisture content to the optimum of 80 to 90 percent of saturation, 
and a negative correlation with further increase in moisture. Con- 
siderable irregularity in disease incidence is shown over the range of 
soil moistures from 20 to 70 percent of saturation, but there is in all 
experiments a trend of increase in disease with rise in soil-moisture 
content over this range. There is also some irregularity between 
experiments in the relative amount of disease at soil saturation, but 
in each test there was less disease at 100 percent of the water-holding 
capacity of the soil than at 80 to 90 percent. The disease percentage 
at saturation was relatively high in experiment 4 at 29° C. While it 
is possible that this resulted from the near-optimum temperature 
(15), it is still possible that it may have been due to experimental 
error—perhaps a failure to keep the soil completely saturated through- 
out the experiment. 

The correlations of change in soil moisture with disease in a sus- 
ceptible variety were shown to be similar whether the experiments 
were performed at constant soil temperature or not. The only 
essential difference between data from the four experiments seems to 
be a difference in magnitude. 
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In experiment 1, a large difference between disease in the resistant 
and in the susceptible variety was induced only at or near the soil- 
moisture optimum for disease in the susceptible cotton. The re- 
sistant variety was tested in but one experiment, and the data are 
insufficient to substantiate the trends exhibited. It is, however, 
interesting to note that while there was insufficient wilt to demonstrate 
the effect of moisture level, the total infection showed an irregular 
increase with rise in moisture level from 20 percent to 100 percent of 
soil saturation, there being no relative reduction in disease from 90 
to 100 percent of soil saturation as exhibited by the susceptible variety. 

The pH value of inoculated soil held at different moisture levels 
underwent a readjustment until it finally exhibited a positive correla- 
tion with the percentage of the water-holding capacity of the soil. 
The final pH value of the soil in the containers wherein the highest 
incidence of disease occurred was, in both experiment 3 and 4, not 
greatly altered from the pH value of the soil at the start of the experi- 
ments. This suggests the possibility that relative soil moisture and 
the pH value of the soil may have an interrelated influence on the 
disease. 

Another indication of possible interrelated phases of the environ- 
ment is exhibited in experiment 4. Here there is seen to be an indi- 
cation that rise in temperature (from 23° to 32° C.) caused the mois- 
ture value optimum for disease to shift toward soil saturation. 


SUMMARY 


The effect of relative soil-moisture content on the fusarium wilt 
of cotton has been investigated in the greenhouse, the susceptible 
Harper Mebane variety being used in all experiments and the re- 
sistant Rhyne Cook variety in one experiment. 

The soil used was from a field at La Grange, Ark., where a sus- 
ceptible cotton variety (Harper Mebane) had been nearly 100 percent 
wilted in 1936. Considerable “rust,” or potash hunger, occurred in 
this field in 1936 and again in 1937, but no root knot was observed 
during either season. This soil was classified as a silt loam, testing 
very high in available nitrogen, high in available phosphorus, and very 
low in available potash. It had a pH value of 6.52 and a water- 
holding capacity of 37.7 percent of the oven-dry weight. 

Soil-moisture levels of 20 to 100 percent of the water-holding 
capacity were employed in each test. This range of soil-moisture 
levels was used in three tests at prevailing greenhouse temperatures 
(a thermograph record is shown for each experiment) and in one test 
at each of the following constantly maintained soil temperatures: 
23°, 26°, 29°, and 32° C. 

In all tests the susceptible cotton variety showed a positive correla- 
tion of the disease with rise in moisture level to an optimum at 80 to 90 
percent of saturation, and a negative correlation with the increase of 
soil moisture to 100 percent of the water-holding capacity of the soil. 

For the resistant Rhyne Cook variety there was little correlation of 
plants actually wilted with soil-moisture level. Measurements of 
total infection showed an irregular disease increase with rise in soil 
moisture over the entire range of moistures employed. 

The pH value of the inoculated soil at the different moisture levels 
was found to have been readjusted until at termination of two experi- 
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ments it exhibited a positive correlation with the moisture content of 
the soil. In both tests, the moisture level producing the highest per- 
centage of disease caused little readjustment from the original pH 
value of 6.52. 

The data obtained at the four constant soil temperatures indicate 
the possibility of an interrelated influence of soil moisture and soil 
temperature on the disease. The correlative change in acidity with 
increase in soil moisture indicates that there may be other interrelated 
effects of different phases of the disease environment. 
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TWO MOSAIC DISEASES OF ANNUAL STOCK’! 


By C. M. Tompxtns ? 


Assistant plant pathologist, California Agricultural Experiment Station 
INTRODUCTION 


In 1930, a destructive disease of annual stock or gilliflower (Matthiola 
incana R. Br. var. annua Voss) was observed by growers in field plant- 
ings at Montara, Calif. Of unknown cause and origin, the disease 
induced a conspicuous variegation or flower breaking in all but the 
white- and yellow-flowering types which rendered them unmarketable 
as cut flowers. A study of this disease was undertaken in 1932, and in 
1934 a preliminary report was published (9), in which the cause of the 
disease was attributed to virus infection. This disease has since been 
designated as ‘“‘mild mosaic.”’ Later, in 1935, a similar but more 
striking mosaic disease of annual stock was found near San Pablo by 
H. H. P. Severin, Division of Entomology and Parasitology, who 
kindly supplied material. To the latter disease the name “severe 
mosaic” has been given. This paper presents the results of studies on 
symptomatology, transmission, host range, and properties of the two 
mosaic viruses involved. 


REVIEW OF LITERATURE 


Perhaps the first authentic record of the occurrence of flower break- 
ing of annual stock was presented in 1867 by Chaté (1). He men- 
tioned that French growers had observed the disease as early as 1862, 
and probably earlier. They called it “panache.” 

Saunders * stated that in her cross-breeding experiments with annual 
stock, covering a period of 30 years or more, the disease occurred every 
year, appearing invariably in late summer or in the autumn, and occa- 
sionally in very early outdoor plantings. The plants were never 
attacked by aphids, but thrips were present. 

According to Noble et al (5), a mosaic disease of stock (Matthiola 
sp.) was observed in Australia in 1926. 

A preliminary note on the occurrence of a mosaic disease of annual 
stock in California was published in 1934 by Tompkins (9) and consti- 
tutes the first report of the disease in the United States. 

In a letter to the writer, Noble ° stated: ‘Stock mosaic is common in 
most plantings and causes complete or partial colour breaking of 
blooms, apparently in all varieties.”’ 

Smith (7, 8) discussed the prevalence in England of a virus disease of 
annual stock, Brompton stock (Matthiola incana), wallflower (Cheiran- 
thus cheiri L.), Arabis sp., and dames violet (Hesperis matronalis L.) 
which he referred to in one paper (8) as “cabbage mosaic.” The 

! Received for publication May 18, 1938. 

2 The writer is indebted to Profs. Ralph E. Smith and M. W. Gardner for advice and assistance and to 
Prof. B. A. Madson and W. W. Mackie for greenhouse space and facilities. Valuable assistance in the 
greenhouse work was rendered by employees of the Federal Works Progress Administration. 

3 Italic numbers in parentheses refer to Literature Cited, p. 76. 


4 Letter dated July 10, 1934, from Dr. E. R. Saunders, Botany School, The Museums, Cambridge, 
England. 


5 Letter dated September 11, 1935, from R. J. Noble, Department of Agriculture, Sydney, New South 
Wales, Australia. 


Journal of Agricultural Research, Vol. 58, No. 1 
Washington, D, C, Jan. 1, 1939 — 

Key No. Calif.-101 
(63) 





































64 Journal of Agricultural Research Vol. 58, No. 1 





insect vector proved to be the green peach aphid (Myzus persicae 
(Sulzer)). Later Smith * advised the writer that “a virus from stocks, 
Matthiola, produces no local lesions in cabbage but gives rise to a mild 
mosaic mottling, no necrosis. This virus also produces local lesions on 
tobacco.” 

In 1936, Gigante (3) described a mosaic disease of annual stock, 
first observed at Rome, Italy, in the summer of 1931. Transmission 
of the disease was obtained by juice inoculations and grafting, but the 
identity of the insect vector had not been determined. 

Chamberlain ’ found that breaking of annual stock in New Zealand 
is caused by a turnip mosaic virus. Wallflowers and a number of 
common cruciferous weeds were also susceptible to infection. 


DISTRIBUTION AND ECONOMIC IMPORTANCE OF THE DISEASES 


Natural infection of annual stock is of common occurrence in the 
cool coastal valleys of central California. The two diseases have been 
found in commercial plantings and home gardens in the San Francisco 
Bay section, and in the Salinas, Santa Clara, and Santa Maria Valleys. 

At Colma and Montara, as well as in other localities on the San 
Francisco Peninsula, annual stock is grown largely for cut flowers. 
Because “broken” flowers are unmarketable, heavy losses have at 
times been sustained by growers. Field infection was especially 
severe at Montara in 1931 to 1934 inclusive, resulting in more or 
less of a complete crop failure. The amount of infection varies from 
season to season and sometimes is of minor consequence; isolated 
sections, in which no other cultivated or wild crucifers occur, are 
relatively free from the disease. 

The disease occurs in the seed-producing districts of the San Juan 
and Santa Maria Valleys. It tends to reduce the number and size of 
the seed pods and is, therefore, of importance to seed growers. 


SYMPTOMS OF THE DISEASES 


The symptoms produced by the two mosaic viruses on different 
varieties of annual stock were studied in considerable detail in the 
field at intervals throughout the year and in the greenhouse on young 
plants of the variety Fiery Blood Red which were subjected to me- 
chanical inoculation in the four- to six-leaf stage. 


MILD MOSAIC 


Generally the first symptoms appear on the leaves 2 to 3 weeks 
after inoculation, as a pronounced, systemic clearing of the veins 
(fig. 1, A). Of relatively short duration, these symptoms gradually 
change into a diffuse, somewhat coarse mottle consisting of irregular- 
shaped, nonraised, light- and dark-green areas (fig. 1, B), in marked 
contrast to healthy leaves (fig. 1, C). Leaf symptoms have been 
observed but rarely on naturally infected plants. Occasionally in- 
fected plants show marked distortion, curling, and puckering of the 
leaves, with pronounced shortening of the internodes (fig. 2, A) 3 to 
4 weeks after inoculation. On the young flower racemes, breaking of 
the flowers is first observed when the anthocyanin pigments appear 
in the petals of the unopened buds. The outer petals and the pro- 
truding tips of some petals within the bud show still more conspicuous 


6 Letter dated January 20, 1937, from Kenneth M. Smith, University of Cambridge, Cambridge, England. 
7 Letter dated July 2 1937, from E. FE. C hamberlain, Department of Scientific and Industrial Research, 
Plant Research Bureau, Palmerston North, New Zealand. 
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Figure 1.—Symptoms produced by the mild mosaic virus of annual stock on 
young leaves of annual stock, variety Fiery Blood Red, by mechanical inocula- 
tion in the greenhouse at 13° to 19° (¢ 
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A, Vein clearing; B, mottling; C, 
noninoculated control 


vy 


Figure 2.—Symptoms produced occasionally by the mild mosaic virus of annual 
stock on young annual stock plants, variety Fiery Blood Red, by mechanical 
inoculation in the greenhouse at 13° to 19° C.: 





A, Infected plant showing 
distortion of the leaves and shortening of the internode 
control. 


s; B, noninoculated 
124370—39——-5. 
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symptoms of flower breaking as the buds open. Flower breaking 
consists of a marked change in, or disarrangement of, the normal 
pigmentation of self-colored flowers, which results in a variegated 
effect. The ground color of individual petals from infected plants 
may be modified to show many white, irregular-shaped islands (fig. 3, 
A) or less frequently circular lesions (fig. 3, B), or both. In the 
greenhouse, all single- or double-flowered racemes on artificially in- 
fected plants have consistently shown a fine type of flower breaking 
(fig. 4, A, B). In the field, however, sectorial uahion is not uncom- 
mon, in which one or several apparently healthy, single- or double- 
flowered racemes appear on the same plant with racemes showing 








B C 


Fiagure 3.—Symptoms produced by the mild mosaic virus of annual stock on 
petals of annual stock plants, variety Fiery Blood Red, by mechanicai inocula- 


‘ 


tion in the greenhouse at 13° to 19° C.: A, Individual petals from infected 
flowers showing typical white, irregular-shaped islands; B, individual petals 
from infected flowers showing circular lesions; C, a petal from a healthy flower. 


flower breaking. Sectorial breaking of individual racemes has never 
been observed. This disease also causes considerable reduction in 
the size of seed pods. 

SEVERE MOSAIC 


The severe mosaic virus causes much more promineny and striking 
symptoms on annual stock plants than the mild mosaic virus. Leaf 
symptoms, consisting of a very conspicuous, coarse mot*le, are usually 
visible within 2 to 3 weeks after inoculation and continue unchanged 
(fig. 5). Flower breaking is also of a coarser type (fig. 6; A, B). 
Considered as to symptoms, the mild and severe mosaic diseases may 
readily be differentiated, although, as will later be shown, they have 
certain characteristics in common. 


MATERIALS AND METHODS 


Specimens of the mild mosaic disease of annual stock, variety 
American Beauty, were collected at Montara, Calif. This variety 
was known to be highly susceptible to infection throughout the year. 








—, 5 
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Transfers were made to healthy Fiery Blood Red annual stock seed- 
lings by mechanical inoculation in the greenhouse. Specimens of the 
severe mosaic disease from San Pablo, contributed by H. H. P. 
Severin, were similarly treated. The virulence of, and the symptoms 
produced by, these viruses have remained unaltered through successive 
monthly transfers during the past 4 years. Fiery Blood Red annual 
stock seedlings were used as the standard test plant for recovery of the 
virus from infected plants and for property studies. 

All inoculations were made in a greenhouse where temperatures 
ranged from 13° to 19° C. The methods followed were essentially 





Figure 4.—Symptoms produced by the mild mosaic virus of annual stock on 
flowers of annual stock plants, variety Fiery Blood Red, by mechanical inocu- 
lation in the greenhouse at 13° to 19° C.: A, Breaking of a double-flowered 
raceme; B, breaking of a single-flowered raceme; C, noninoculated control show- 
ing the normal, self-colored flowers. 


those described in recent papers (10, 11, 13). Mechanical inocula- 
tions were made by dusting the leaves with 600-mesh, powdered car- 
borundum (6) and rubbing lightly with absorbent cotton dipped in 
juice from e diseased plant. 


TRANSMISSION 


The annual stock mosaic viruses were readily transmitted to healthy 
annual stock seedlings by means of the carborundum method (6) or by 
rubbing the leaves with cotton dipped in extracted juice from a dis- 
eased plant without the abrasive. A higher percentage of infection 
was obtained, however, when powdered carborundum (600-mesh) was 
used. The incubation period, considered as the elapsed time between 
the date of inoculation and the date when the first leaf symptoms 
appeared, ranged from 16 to 22 days for the mild mosaic, with a general 
average of about 20 days; and about 14 days on the average for the 
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severe mosaic. Noble* found that annual stock plants which were inoc- 
ulated in the bud stage showed symptoms of the disease in about 2 weeks. 

H. H. P. Severin, who kindly consented to investigate the problem 
of insect vectors, found viruliferous specimens of the turnip or false 
cabbage aphid (Lipaphis pseudobrassicae (Davis)) in field collections. 
This aphid breeds naturally on diseased annual stock as was subse- 
quently proved by 
successful infection of 
healthy plants in the 
greenhouse. Severin 
also found that two 
healthy plants in the 
the cabbage aphid 
(Brevicoryne brassicae 
(L.)): and the green 
peach aphid (Myzus 
persicae (Sulzer)), 
which have not been 
known to breed on 
annual stock under 
natural conditions, 
are capable of acting 
as vectors. 

Several lots of 
seeds were collected 
from diseased annual 
stock plants grown 
out of doors at San 
Juan Bautista and at 
the University of 
California Botanical 
Garden at Berkeley. 
Cc These plants became 

infected under natu- 

Figure 5.—Symptoms produced by the severe mosaic ral conditions with 
virus of annual stock on young leaves of annual the mild mosaic virus 
stock, variety Fiery Blood Red, by mechanical as determined by 
9g in = oper . a to sd a. A, subsequent inocu- 

, Coarse mottling; C, noninoculated control. lations to healthy 


seedlings in the greenhouse. At San Juan Bautista, seed pods were 
collected from three lavender and three rose Dwarf Ten Weeks plants; 
at Berkeley, from eight purple Giant Imperial plants. Seeds were 
planted in a flat of autoclaved soil in the greenhouse. A total of 
1,743 seedlings were counted in the flats planted with seed from San 
Juan Bautista and 1,815 seedlings from the Berkeley seed. When 
examined in the six- to eight-leaf stage, all seedlings were healthy, 
indicating that seed transmission probably does not occur. 





A 





HOST RANGE 


No extended search has been made for natural hosts of the two 
mosaic viruses of annual stock. However, one natural host of the 
mild mosaic virus—honesty (Lunaria annua L.)—was found at Mon- 
tara soon after the disease was originally detected on annual stock. 


SNosLe, R.J. See footnote 5. 
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Representative varieties of six commercial types or classes of annual 
stock were tested for susceptibility to infection by artificial inoculation 
in the greenhouse. Plants of each variety were inoculated simul- 
taneously with the mild and severe mosaic viruses, and a suitable num- 
ber of controls was used. Records were taken on both leaf and flower 
symptoms. Most of the tested varieties were found to be highly 
susceptible to infection by each virus as indicated by mottled leaves 
and flower breaking. Although all infected plants had mottled leaves, 
irrespective of variety, it was observed that the white- and yellow- 
flowered varieties did not show flower breaking. No flower breaking 





Figure 6.—Symptoms produced by the severe mosaic virus of annual stock on 
flowers of annual stock plants, variety Fiery Blood Red, by mechanical inocula- 
tion in the greenhouse at 13° to 19° C.: A, Unopened buds showing a coarse 
breaking of the outer petals; B, coarse breaking of a double-flowered raceme; 
C, noninoculated control. 


was observed on the following varieties: Beauty of Nice (canary 
yellow), Giant Imperial (golden ball and white), Perpetual Branching 
(snowdrift, white, and yellow). 

When the varieties Early Giant Imperial (chamois) and Giant 
Imperial (chamois) were inoculated with each of the viruses, only the 
severe mosaic virus induced flower breaking. 

Under greenhouse conditions, the following varieties were tested 
with the two viruses and found to be highly susceptible as indicated by 
leaf and flower symptoms: Beauty of Nice (crimson, lavender, and 
purple), Dwarf Ten Weeks (crimson, lavender, and purple), Early 
Giant Imperial (elk’s pride, flesh, lavender, and rose), Giant Imperial 
(antique copper, apple blossom, chamois rose, crimson, flesh, fiery 
blood red, golden rose, lavender, mauve, purple, rose pink), Giant 
Perfection (crimson, pale blue, and pink), Perpetual Branching (bril- 
liant blood red, crimson), Empress Augusta Victoria (lavender), 
Heatham Beauty (rose pink), May Queen (mauve, pansy violet, 


§ Descriptive color terms in parentheses are those used by seedsmen in their catalogues. 
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purple, and rose pink), and Harbinger, a cross between annual and 
Brompton stock. 

Symptoms produced experimentally by the mild mosaic virus of 
annual stock on certain cruciferous and other hosts are given in table 
1; some of them are illustrated in figure 7. The mild mosaic virus was 
recovered from all infected plants except from sowbane, white mustard, 
and mignonette. No infection was obtained on spinach (Spinacea 





= 


Ficure 7.—Symptoms produced by the mild mosaic virus of annual stock on 
leaves of young plants by mechanical inoculation in the greenhouse at 13° to 
19° C.: A, Vein clearing on white mustard; B, mottling on turnip; C, mottling 
on dames violet; D, mottling on honesty; 'E, local necrotic lesions on Turkish 
tobacco; F, local necrotic lesions surrounded by chlorotic halos, on White 
Burley tobacco. 


oleracea L..) var. Bloomsdale, lambsquarters (Chenopodium album L.), 
or petunia (Petunia hybrida Hort.). 

Symptoms produced experimentally on certain cruciferous and 
other hosts by the severe mosaic virus are also listed in table 1. The 
severe mosaic virus was recovered from all infected plants except from 
lambsquarters, spinach, and mignonette. Using the insect vectors 
reported for this disease, H. H. P. Severin was unable to recover the 
severe mosaic virus from artificially infected spinach plants. No 
infection was obtained on Chinese or leaf mustard, pe-tsai, Virginian 
stock, honesty, sweet alyssum, radish, wallflower, Chinese radish, 
Brassica adpressa, sowbane, Nicotiana langsdorffii, or N. glutinosa. 
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TABLE 1.—Plants susceptible to the mild and severe mosaic viruses of annual stock, 
as indicated by mechanical inoculation of greenhouse-grown seedlings, and symp- 
toms characteristic of ae 





Family Species and common name |- SACRE tk tamereeemmeae 


j 
Mild n mosaic virus Severe mosaic virus 








Brassica rapa L. (turnip-var. | Systemic infection. Mot- | Systemic infection. Mot- 





Purple Top White Globe). | tling. tling. 
B. juncea Coss. (Chinese or = = os 
|| leaf mustard). | 
|| B. pe-tsai Bailey (pe-tsai) aS 
B. —e Koch (black mus- Sy Ss Systemic infection. Vein 
tard). clearing. 
B. alba (L.) Boiss. (white ee ee ...| Systemic infection. Mot- 
| mustard). tling. 
|| Matthiola bicornis DC. (eve- do Saeed Do. 
|| ning scented stock). 
|| Malcomia maritima S Se t..ee. 2 
(V irginian stock). | 
|| Lunaria annua L. (honesty) ~ . eoiel 
Alyssum maritimum Lam. |_....do...........--....--.--- 
(sweet alyssum). | 
—-% eee 


Cruciferae. __. var. White Icicle). 

Cheiranthus cheiri L. (wall- | Systemic infection. Mot- | 
flower). tling, distortion, dark- 

green raised islands, and 

necrotic lesions on leaves; 

| shortening of internodes. 

Hesperis matronalis L. | Systemic infection. Mot- | Systemic infection. Mot- 





(dames violet). | tling and necrotic lesions tling. 
; _. | _ on older leaves. 
||. sativus var. longipin- | Systemic infection. Vein 
natus Bailey (Chinese clearing. | 
radish). 
B. arvensis (L.) Ktze. (char- ‘cee Systemic infection. Vein 
lock). clearing. 
||Capsella bursa-pastoris (L.) do__.. ..| Systemic infection. Mot- 
Medic. (shepherds-purse) . | tling. 
B. adpressa Boiss__.------- Systemic infection. Chlo- | 
|  rotic lesions. 
Chenopodium murale LL. | Local infection. Chlorotic | 
(sowbane or nettle-leaf| lesions on _ inoculated | 
goosefoot). leaves. | 
Chenopodiaceae |{ C. album L. (lambsquarters Systemic infection. Chlo- 
or white pigweed). |  rotic lesions. 
Spinacia oleracea L. (spin- : Do. 
ach) | 
Resedaceae - Pm odorata L. (mignon- | Systemic infection. Mot- | Systemic infection. Mot- 
| ette). tling. | tling 
| (Nicotiana langsdorffii Weinm.| Systemic infection. Mot- 
tling and chlorotic lesions. 
Pe. ND Fi. cccenemion Local infection. Necrotic | 
lesions on inoculated 
aaiaiaiats | leaves. 
Solanaceae N. tabacum L. (var. Turkish Pa BEES EY, ee Local infection. Necrotic 
and White Burley). lesions on inoculated 
| leaves. 
Petunia hybrida 3 a ‘ ees Systemic infection. Chlo- 
|\ (petunia). | rotic lesions. 


On certain hosts, including black mustard, white mustard, evening 
scented stock, dames violet, and shepherds-purse, the symptoms pro- 
duced by the mild mosaic virus were distinctly different from those 
caused by the severe mosaic virus. The mild mosaic virus produced 
fewer but larger lesions on Turkish tobacco than did the severe mosaic 
virus; however, on White Burley tobacco, the lesions were indis- 
tinguishable. 

In further tests with the two viruses, no infection was obtained by 
mechanical inoculation in 55 species of plants representing 46 genera 
in 26 families, as follows: 

Begoniaceae: 

Fibrous-rooted begonia (Begonia semperflorens Link and Otto) 
Boraginaceae: 

Forget-me-not (Myosotis alpestris Schmidt) 
Common heliotrope (Heliotropium peruvianum L.) 
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Campanulaceae: 
Canterbury-bells (Campanula medium L.) 
Caryophyllaceae: 
Sweet-william (Dianthus barbatus L.) 
Carnation (D. caryophyllus L.) 
Babysbreath (Gypsophila paniculata L.) 
Compositae: 
Head lettuce (Lactuca sativa L. var. capitata Hort.) var. New York and Tom 
Thumb 
Dandelion (Taraxacum officinale Weber) 
Transvaal daisy (Gerbera yamesonii Hook. var. transvaalensis Hort.) 
Annual marguerite (Chrysanthemum coronarium L.) 
Shasta daisy (C. maximum Ram.) 
English daisy (Bellis perennis L.) 
China-aster (Callistephus chinensis Nees) var. Giant Branching White, wilt 
resistant 
African marigold (Tagetes erecta L.) 
French marigold (T. patula L.) 
Winter Cape-marigold (Dimorphotheca aurantiaca DC.) 
Gaillardia pulchella Foug. var. picta Gray 
Hybrid cineraria (Senecio cruentus DC.) 
Convolvalaceae: 
Morning-glory (Ipomoea purpurea Roth) 
Cruciferae: 
Kale (Brassica oleracea L. var. acephala DC.) 
Brussels sprouts (B. oleracea var. gemmifera DC.) 
Cabbage (B. oleracea var. capitata L.) var. Winter Colma 
Cauliflower (B. oleracea var. botrytis L.) var. February 
Broccoli (B. oleracea var. botrytis) var. Italian Green Sprouting 
Kohlrabi (B. oleracea var. caulorapa DC.) 
Rape (B. napus L.) 
Rutabaga (B. compestris L. var. napobrassica DC.) 
Rockcress (Arabis albida Stev.) 
Brompton stock (Matthiola incana R. Br.) 
Goldentuft (Alyssum sazatile L.) 
Cucurbitaceae: 
Cucumber (Cucumis sativus L.) 
Dipsacaceae: 
Mourning bride or pincushion flower (Scabiosa atropurpurea L.) 
Euphorbiaceae: 
Castor-bean (Ricinus communis L.) 
Geraniaceae: 
Storksbill (Pelargonium zonale Willd.) 
Gramineae: 
Corn (Zea mays L.) var. Golden Bantam 
Labiatae: 
Flowering sage (Salvia farinacea Benth.) 
Leguminosae: 
Garden pea (Pisum sativum L.) var. Alderman 
Broadbean (Vicia faba L.) 
Lobeliaceae: 
Lobelia hybrida Hort. 
Onagraceae: 
Clarkia elegans Dougl. 
Godetia grandiflora Lindl. 
Papaveraceae: 
Oriental poppy (Papaver orientale L.) 
Polygonaceae: 
Rhubarb (Rheum rhaponticum L.) 
Ranunculaceae: 
Rocket larkspur (Delphinium ajacis L.) 
Hybrid delphinium (D. cultorum Voss) 
Rosaceae: 
Geum chiloense Balb. 
Scrophulariaceae: 
Snapdragon (Antirrhinum majus L.) 
Pentstemon or beardtongue (Pentstemon barbatus Nutt.) 
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Solanaceae: 
Solanum aviculare Forst. 
Potato (Solanum tuberosum L.) 
Tomato (Lycopersicum esculentum Mill. var. vulgare Bailey) var. Early Santa 
Clara Canner 
Currant tomato (Lycopersicum pimpinellifolium Dunal) 
Nicotiana rustica L. var. humulis Schrank 
Jimsonweed (Datura stramonium L.) 
Tropaeolaceae: 
Garden nasturtium (Tropaeolum majus L.) 
Umbelliferae: 
Celery (Apium graveolens L.) var. Golden Self Blanching 
Verbenaceae: 
Garden verbena (Verbena hybrida Voss) 
Violaceae: 
Tufted pansy (Viola cornuta L.) 
Pansy (V. tricolor L.) 


Subsequent inoculations to annual stock with extracted juice from 
inoculated plants of the above-mentioned plant species failed to cause 
infection. 

PROPERTIES OF THE TWO MOSAIC VIRUSES 


The data on properties of the mild and severe mosaic viruses of 
annual stock are based on both leaf and flower symptoms. As shown 
in table 2, the mild mosaic virus retained its infectivity after storage 
at a constant temperature of 22° C. for 5 days but was inactivated at 
the end of 6 days; the severe mosaic virus was infectious after 7 days 
and noninfectious after 8 days. The infectivity of each virus was 
retained after heating at 58° for 10 minutes, but inactivation occurred 
after heating at 60°. Therefore, under conditions of these tests, the 
inactivation temperature for each virus lies between 58° and 60°. 
When diluted 1:4,000, the mild mosaic virus was infectious but a 
dilution of 1:5,000 inactivated the virus. Infection resulted from a 
1:3,000 dilution of the severe mosaic virus, but it was inactivated 
when diluted 1:4,000. 

An analysis of all the data on longevity in vitro, inactivation tem- 
perature, and tolerance to dilution shows a definite overlapping of 
results. The slight variations in data relating to longevity and dilu- 
tion tests are not considered significantly different. It is concluded, 
therefore, that the data on properties cannot be used as criteria for 
differentiation of these viruses. 

No data were presented by Smith (7, 8) or Gigante (3) on properties 
of the viruses with which they worked. 


TABLE 2.—Longevity in vitro, inactivation temperature, and tolerance to dilution of 
the mild and severe mosaic viruses of annual stock ! 


[5 trials made with 25 plants each in all instances] 
LONGEVITY IN VITRO, 22° C. 














Plants | Plants || Plants | Plants | Plants | Plants 

infected | infected | infected | infected || infected | infected 

Aged with with | Aged wit with | Aged with with 
(hours) mild severe | (hours) mild severe (hours) mild severe 
mosaic mosaic | mosaic mosaic mosaic mosaic 

virus virus | virus virus virus virus 

Number | Number | Number | Number Number | Number 
C—O 25 fae 1 1 ae 0 0 
, & 18 25 eae 1 8 SSS Se 0 
aes: s 24 PS 0 7 Sa see 0 
7 6 _, , Sr 0 3 SS ee 0 





























1 50 noninoculated control plants for each property test remained healthy. 
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TABLE 2.—Longevity in vitro, inactivation temperature, and tolerance to dilution of 
the mild and severe mosaic viruses of annual stock—Continued 





INACTIVATION TEMPERATURE (10 MINUTES) 












































Plants Plants Plants Plants | Plants | Plants 
infected | infected infected | infected || infected | infected 
Tempera- with with Tempera- with with || Tempera- with with 
ture (° C.) mild severe ture (° C.) mild severe | ture (° C.) mild severe 
mosaic mosaic mosaic mosaic |} mosaic | mosaic 
virus virus virus virus || virus virus 
| 
| 
| 
quan ctheniinntameaedl i 
| Number | Number Number | Number || Number | Number 
Untreated..| 2 ) fo =a 25 22 | ; 0 0 
ects 25 | _ tae 1 10 || 6 0 0 
| | | 
TOLERANCE TO DILUTION 
ra l 
Plants Plants | | Plants Plants | Plants | Plants 
infected | infected | infected | infected || a “oe 
: with with || ae | with with shoot wit with 
Dilution mild severe | Dilution | mild severe Dilution mild severe 
| mosaic | mosaic || | mosaic | mosaic | | mosaic | mosaic 
| virus virus | Virus virus | virus virus 
e PR GG re, Hs = | | 
| | | 
| Number | Number || | Number | Number | Number | Number 
Rc ccmenienel 25 | 25 || 1:1,000 5 7 |! 1:3,000...--] 1 1 
i... } 25 | 23 || 1:1,500_..--| 4 0 || 1:4,000_..-- 1 0 
1:100_...- | 18 | 17 || 1:2,000. 6 | 4 | 1:5,000_...- | 0 0 
1:500._._- 6 | 8 || 





DESCRIPTION OF THE MILD AND SEVERE 
ANNUAL STOCK 


MOSAIC VIRUSES OF 


H. H. P. Severin found that the mild and severe mosaic viruses are 





transmitted in nature by the false cabbage or turnip aphid and experi- 
mentally in greenhouse tests by the false cabbage or turnip aphid, the 
cabbage aphid, and the green peach aphid. These viruses are also 
transmissible by mechanical inoculation with expressed juice from 
diseased plants with or without carborundum. 


MILD MOSAIC VIRUS 


Incubation period about 20 days. Resistance to aging in vitro between 5 and 6 
days at 22° C. Inactivation temperature at or near 60° for 10-minute exposure. 
Tolerance to dilution approximately 1 to 4,000. All varieties of annual stock 
and numerous other ornamental and vegetable crucifers highly susceptible. On 
annual stock, symptoms consist of mild form of vein clearing, followed by mottling 
of leaves and mild form of breaking of flowers of all self-colored varieties. Systemic 
mottling and cholorotic lesions produced on Nicotiana langsdorffii and necrotic 
local lesions on N. glutinosa and Turkish and White Burley tobacco. Hosts of 
mild mosaic virus which are not infected by severe mosaic virus are: Chinese or 
leaf mustard, pe-tsai, radish, Chinese radish, Virginian stock, honesty, sweet 
alyssum, wallflower, Brassica adpressa, sowbane or nettle-leaf goosefoot, N. 
glutinosa, and N. langsdorffii. 


SEVERE MOSAIC VIRUS 


Incubation period about 14 days. Resistance to aging in vitro between 7 and 8 
days at 22° C. Inactivation temperature at or near 60° for 10-minute exposure. 
Tolerance to dilution approximately 1 to 3,000. All varieties of annual stock and 
a few ornamental and vegetable crucifers ‘highly susceptible. On annual stock, 
symptoms consist of a very conspicuous, coarse mottling of leaves and a very 
coarse type of flower breaking of all self-colored varieties. Necrotic local lesions 
produced on Turkish and White Burley tobacco. Hosts of the severe mosaic virus 


which are not infected by the mild mosaic virus include lambsquarters, spinach, 
and petunia. 
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The mild and severe mosaic viruses of annual stock did not infect 
kale, Brussels sprouts, cabbage, cauliflower, sprouting broccoli, 
kohlrabi, and rape. This fact serves as a major difference between 
these two mosaic viruses of annual stock and certain other crucifer 
viruses. 


RELATION OF THE TWO MOSAIC VIRUSES OF ANNUAL STOCK TO 
CERTAIN OTHER CRUCIFER VIRUSES 


In earlier publications (10, 11, 13), comparisons of certain crucifer 
viruses were made and attention was called to certain characteristics 
by means of which they could be differentiated. 

The two mosaic viruses of annual stock, although apparently closely 
related, can easily be separated from the cauliflower mosaic (10), 
Chinese cabbage mosaic (13), cabbage black ring (1/2), and turnip 
mosaic (/1) viruses by means of their symptoms, host range, and insect 
vectors. As has been shown in this paper, no infection of cabbage, 
cauliflower, kale, Brussels sprouts, sprouting broccoli, kohlrabi, rape, 
or rutabaga was obtained with either annual stock virus. The annual 
stock mosaic viruses, as Severin has demonstrated, are disseminated 
in nature chiefly by the turnip or false cabbage aphid, whereas the 
principal insect vectors for the other above-mentioned crucifer viruses 
are the cabbage and green peach aphids. It is believed that these 
facts are sufficient to differentiate the annual stock mosaic viruses 
from other crucifer viruses. 

It is interesting to note that flower breaking of annual stock is not 
restricted to the two annual stock mosaic viruses discussed in this 
paper. The writer has produced typical flower breaking on Fiery 
Blood Red annual stock plants by inoculation with the Chinese 
cabbage mosaic virus (13), the cabbage black ring virus (12), the 
turnip mosaic virus (11), and the horseradish mosaic virus (2). The 
horseradish virus was obtained through the courtesy of F. P. Mc- 
Whorter of the Oregon Agricultural Experiment Station. Although 
the cauliflower mosaic virus (1/0) causes systemic infection of annual 
stock plants as evidenced by coarse vein clearing, it does not cause 
flower breaking. Smith (7, 8) obtained infection and flower breaking 
of annual stock with a cabbage mosaic virus in England; Chamber- 
lain with a turnip mosaic virus in New Zealand; and recently 
Larson and Walker (4) with a cabbage mosaic virus in Wisconsin. 
Recently, through the courtesy of J. F. Adams of Mount Vernon, 
Wash., the writer received specimens of a virus disease on cabbage in 
W ashington which is similar to the black ring virus disease (12) in 
California. Inoculated annual stock plants developed conspicuous 
symptoms of flower breaking. Annual stock (Fiery Blood Red) is 
immune to at least one crucifer virus, namely, the mosaic virus of 
cultivated white radish. 


SUMMARY 


Two mosaic virus diseases of annual stock, designated as mild 
mosaic and severe mosaic, are described. 

These diseases are prevalent in the cool, coastal valleys of California 
and cause considerable loss in the cut-flower and seed crops 


10 CHAMBERLAIN, E. E. See footnote 7. 
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The principal symptoms, common to both diseases, consist of leaf 
mottling and flower breaking. Severe mosaic shows more conspicuous 
symptoms. 

These viruses are readily transmissible by juice inoculations with 
carborundum. In nature, transmission is by means of the turnip or 
false cabbage aphid (Lipaphis pseudobrassicae) which breeds on annual 
stock. Tests for seed transmission yielded negative results. 

All self-colored varieties of annual stock are highly susceptible to 
infection, as indicated by leaf mottling and flower breaking. lottling 
occurred on white- and yellow-flowered varieties, but no flower 
breaking. 

Hosts which are susceptible to infection with both the mild and 
severe mosaic viruses of annual stock include turnip, black mustard, 
white mustard, dames violet, evening scented stock, charlock, shep- 
herds-purse, mignonette, and Turkish and White Burley tobacco. 

The fact that no infection of cabbage, cauliflower, kale, Brussels 
sprouts, sprouting broccoli, kohlrabi, rape, or rutabaga was obtained 
with the two mosaic viruses of asisdioes pe tea 8 serves to differentiate 
them from certain other crucifer viruses. 

Differential hosts serve as one means of differentiating the two 
mosaic viruses of annual stock. Susceptible to infection with the mild 
mosaic virus only are Chinese or leaf mustard, pe-tsai, radish, Chinese 
radish, Virginian stock, honesty, sweet alyssum, wallflower, Brassica 
adpressa, sowbane or nettle-leaf goosefoot, Nicotiana glutinosa, and 
N. langsdorffi. Infection of lambsquarters, spinach, and petunia was 
obtained only with the severe mosaic virus. 

Studies on the properties of the two mosaic viruses indicated that 
the mild mosaic virus was infectious for 5 days after storage at 22° C. 
and the severe mosaic virus for 7 days. The inactivation temperature 
for each virus lies between 58° and 60°. The mild mosaic virus caused 
infection when diluted up to 1 to 4,000 and the severe mosaic virus 
up to 1 to 3,000. 

Flower breaking of annual stock may also be induced by the Chinese 
cabbage, turnip, horseradish, and cabbage mosaic viruses and the 
cabbage black-ring virus. 
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